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1.0
INTRODUCTION

This Chemicals of Concern Technical Memorandum 1s presemed as part of the Baseline Risk
Assessment (BRA) for the 903 Pad, Mound Area, and Ea;{ 'Iirenches Area, otherwise known
as Operable Unit 2 (OU-2), located at Rocky Flats Pl \The BRA, which consists of the
Human Health Risk Assessment (HHRA) and the En gmgeh% Evaluation, will be included
m the Phase II RCRA Facility Investigation/ Remedél h\vestlgmgn“(RFI/ RI) report for OU-2
The RFI/RI 1s bemng conducted pursuant tq the US Dep;?tment of Energy (DOE)
Environmental Restoration Program, a Confphﬁnce Agreement between DOE, the US
Environmental Protection Agency (EPA), and-the State of Colorado Department of Health
(CDH), and the Federal Facility Agreement and“Gonsent Order (Interagency Agreement),
signed 1n 1991 Y. f

AN
This techmcal memorandum has been develo;;ea“’*{o address the selection of chemicals of
concern to be evaluated 1n the BRA, in"pasticular thehﬁRA The 1dentification of chemicals
of concern will also help focus the efforts of tvn'onmental Evaluation, environmental

transport modeling, description of ﬁgtﬁke and extent of contammation, and remedy selection

The HHRA will evaluate /,pq%ef%lal human health risks for on-site and off-site receptors under
current land use and probable future land dse conditions, assuming no remedial action takes
place at OU-2 Chenicals

are potentially r%ht
a s1gmf1cant threat tbkh%umg&{ealth or the environment under the exposure conditions
evaluatedz}”C of co re 1dentified for each medium (e g, groundwater, soil, or air)
through which exposme to sxte-related chemicals could occur Therefore, the selection of
chemxcafs of concern supports the quantification of risk from exposure to chemicals via the
expo§m:e pathways 1dent1ﬁcd in the Exposure Scenarios Technical Memorandum No 5 (EG&G

%/

1993) x%\ <

i
%;
¢
N

This technical mgmorandum focusses on selecting chemicals of concern in groundwater,
subsurface soil, and surface soil, which were the media sampled during the Phase I and Phase 11
RFI/RI at OU-2 Exposures can also occur through the air and surface water pathways
Chemicals of concern for air and surface water are those detected 1n soil or groundwater that
could be transported by air or could migrate from soil or groundwater to surface water exposure
points
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This Technical Memorandum describes the process for selecting chemicals and radionuchdes
of concern detected 1n groundwater, subsurface soil, and surface soil at OU-2 and summarizes
the chemicals and radionuchides of concern for each medium The general process to select
potential chemicals of concern in groundwater, subsurface and surface soils 1s described n
Section 20 Sections 30, 40 and 50 present decision critepa specific to each medwum and
identify the chemicals of concern selected for each medium. References used in this document
are provided n Section 6 0 oL
ol -

Appendix A, "Background Comparison for Metals and,eRadlon‘le@\ésx %gescrlbes the statistical
methodology used to compare OU-2 data to_ background data- to “1dentify metals and
radionuchides whose concentrations exceed bagkground levels and which may therefore be site-
related These metals and radionuchdes /are retained for further evaluation as potential
chemicals of concern .oy LN

N s

L %/ /}

Appendix B, "Risk-Based Evaluation of Lowfﬁqgi %n@z\:;mpounds," presents the screening of
infrequently detected compounds > percent deteé&;on quency) to identify those that ment

A
Appendix C contains a copy of the “OU:2 rgport titled "Domestic Water Supply Simulations,”
September 10, 1992 Thlgggcument suggotts the 1dentification of the No 1 sandstone lithologic
unit for evaluation oﬂfﬁ)/'pmbt}mal on-site mgestion of groundwater
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2.0
CHEMICALS OF CONCERN SELECTION PROCESS

The general methodology for selecting chemicals of concern for.OU-2 1s presented in Figure 2-1,
Critena for Identifying Chemicals of Concern The process 1s intended to identify chemicals
in each medium that appear to be associated with som:ces'»’i; OU-2 and could have adverse
mmpacts on public health under exposure conditions mvﬁivpg M medium In this way, the risk
assessment 1s focussed on OU-2 constituents that.’z ar;” pote\ﬁsal health hazards Inorganic
compounds whose concentrations are within background range or mmqr constituents (e g, rarely
detected and/or of low toxicity) that would contribute neghgibly or not “at all to overall risk are
1dentified but are not included in the quanﬁtaﬁve risk assessment It 1s important that the
chemicals of concern be carefully selected so that ;“rsk 18 not underestimated and so as not to
distract from the dominant risks associated \Whe’ site

This selection process was based on guidance Ffbsgnméd mn Risk Assessment Guidance for
Superfund, Volume I, Human’ H%Mzgwn Manual, Part A (EPA 1989a) The
background comparison metho%qloi'%% based ‘6n the Final Background Geochemical
Characterization Report, Rocky Nats éla;l‘t (EG%G 1992a) and on standard statistical

evaluation techniques %
AT N
/ —c
The steps shown uVF;gure 271 and descrlﬁe"d in the following sections were apphied to select
chemicals of com:eaﬁ for aﬂl (groundwater, subsurface soil, and surface soil)
Details of the MCM #f the process for each medium are presented in Sections 30
(groundwatem (su‘hgurﬁrcg \i:ﬂ) and 5 0 (surface sol)
The mdlvuﬁlal stepxﬁloWn m?gure 2-1 are 1dentified below Each step 1s described in more
detad m%subsectlons 2 1 through 25
S y
Step 1 - Sﬁgfbemﬂé Chemical Analysis Roster
Table 2-1 1s the Site-Specific Chemical Analysis Roster (SSCAR) for the Phase II samphing
program at OU-2 Analytical results for all detected compounds 1n the following analyte groups

are included 1n the data set for evaluation as potential chemicals of concern for risk assessment

metals (target analyte list and "other metals"), radionuchdes, and organics
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Step 2 - Data Evaluation

The analytical results from the OU-2 sampling program were reviewed and compiled mm a
database by the validation contractor Data validation was performed for some but not all of
the data prior to use The database was then reviewed for 1ts suitability for selecting chemicals
of concern For example, data qualifiers were considered and quality control samples were
removed from the database

& - %"k %“‘\\\\<
Step 3 - Background Comparison (Metals and Rad‘;‘;ao‘n},&éyhdes\)”%«w ™.

Analytical results for metals and radionuclides ;vexzc compared to background levels Those that
did not exceed background were ehmmatedffrom further consideration as potential chemicals
of concern The following criteria weref’ uséd toevaluate whether a metal or radionuchde

¥

~

exceeded background levels ™~
\%% -
a Analytical results for metals and ra&mguéhges were compared to the 95 percent
upper tolerance HmM) of the background data If less than 5 percent
of the results exc&gdéﬂ the-95% , the constituent was considered to be
within background rang& xAnﬂ::sf variance (ANOVA) was used to confirm

this assessment N

v T )

W

b The 401!2 data for metals-and radionuchdes were statistically compared to
back%ﬁaMWBackground Geochemical Characterization Report
(Eﬁ{c\ 924) using analysis of variance (ANOVA) If no statistical difference

was found, the analyte was considered to be within background range
v e,

Ry
& N
"
e fw’“‘

/A *  Spatial/tempor “evaluation of analytes that appear to exceed background was
performedi to 1dentify those that are unlikely to be related to sources in OU-2

Step 4 - E%ma{@ essential nutrients and anions
- ;

Constituents such as calcium, potassium, iron, and carbonate were eiminated from further
consideration as chemicals of concern due to low toxicity

(4034-263-0049-540) (TM-9) (07/19/93 1.5Tpm) 2-2
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Step 5 - Detection Frequency

All detected organic target analytes and morganic constituents above background levels were
separated 1nto two groups based on detection frequency Compounds detected at 5 percent or
greater detection frequency were evaluated further in Step 6 gontammants detected below 5
percent frequency were evaluated 1n Steps 8 and 9 ‘

Step 6 - Concentration/Toxicity Screen doe N
A concentration/toxicity screen, using maximum ,de%éied concentr%ﬁé\and EPA-established
toxicity factors, was performed on all organic eﬁeglcals with a detectlok;i“éfrequency equal to or
greater than 5 percent and on metals and radsonuchdes that exceed background levels to 1dentify
those compounds that are likely to contribute 99 ‘percent or more of total risk These are

Ny

identified as chemicals of concern SN
P,
k3 N . &NN
Step 7 - Chemicals of Concern NN,
. . N

Organic chemicals, metals and raﬂ,%onuwﬁdes tha??&?i}nbute 99 percent or more of a total risk
factor, based on Step 6, were retamé\j%amhemlcals of concern for quantitative evaluation 1n the

1 3

human health risk assessment
7T ‘ ‘x

Step 8 - Evaluatmmbf}ﬁfrequenMecté& Compounds

; /y < MMWMW g
The maximum é‘bnceWhgh of each organic compound detected at less than 5 percent
frequency was compared to%screenmg—level concentration equivalent to 1000 times a health
rlsk-basegf”éouccng;g n (RBC)Q\ This step 1dentifies infrequently detected compounds that

would contfibute mgn‘ﬁicgntly to total risk if long-term exposure were to occur

Step 9-- SBnual and Temporal Evaluation of Infrequently Detected but Potentially Hazardous

Compounﬂs\,ba o
£ bl

Infrequently detec??d compounds whose maximum concentration exceeded 1000 times the RBC
were evaluated for spatial and temporal distribution of the detected values If the compounds
were detected n association with other contaminants, or if spatial and temporal distribution (in
groundwater) indicated that the constituent 1s of potential concern for current or future

exposures, these chemicals were retained as "special-case” chemicals of concern

(4034-263-0049-540) (TM-9) (07/19/93 1.57pm) 2-3
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Step 10 - Special Case Chemicals of Concern

Compounds whose maximum concentration exceeded the screening values (Step 8) and with
significant spatial and temporal distributions (e g, detected in association with elevated
concentrations of other chemicals of concern) (Step 9) were retained as "special case" chemicals
of concern to be addressed separately in the risk assessment, ,*

Step 11 - Professional Judgment o

Chemucals or radionuchides that were eliminated.as chermcals of co%em‘by the above criteria
may be retained on the basis of professional Jyfagment

2.1 DATA EVALUATION ;o ™,

Table 2-2, OU-2 Analytical Data File Summai%@réte&ts the data files used to select chemicals
of concern for OU-2 For groundwater SIX qua%sgs of monitoring data (2nd quarter 1991
through 3rd quarter 1992) were’used, based.on at least™S0 percent of the data being vahidated
(fewer of the earhier data were v%hdﬁm ogz@iﬁface sod (borehole), data from samples
collected above the high water table meW@SJ’ (Western Phase I data) and in 1991 and 1992
(W-C) were used %6&7 Phase Kborehole data are not vahdated Borehole samples
collected below the hjﬁﬁ /wate\?atable were not used to avoid the potential problem of cross-
contamination fromfgrgﬁndwate biasing the'selection of soil chemicals of concern Surface soil
data collected 1n ;@91 (Stol&lér)gm-q were included n the data set As of June 1993,
approximately tMll g,amount of 1993 surface soil data has been received semivolatile

organics ( 100@,_‘333:345&(@0%) metals (18%), and radionuchides (48%)

Some pf the chemxéi aﬁalytxcﬁ results have not been validated Unvalidated data receiwved
from” Rﬁcky Flats Envxroﬂmental Data System (RFEDS) were integrated with vahdated data
recel\red fr Quantalex Laboratory If unvalidated and validated data for the same sample
were fou;;“ﬁqg ﬂm,dgtal:;ase the unvalidated data were eliminated Data that had not yet been
through the vﬁﬁdatloﬁ process were used 1if no validated data were available

Lithologic 1dentifications for the groundwater monitoring data were determined, and only wells
completed 1n the Upper Hydrostratigraphic Unit (UHSU) are included 1n the groundwater data
set The UHSU includes the alluvium, colluvium, valley fill, and the uppermost Arapahoe
Sandstone = The OU-2 bedrock investigation (DOE 1993a) will address any potential
contamination of the Lower HSU (LHSU) Chemicals of concern for assessing potential human
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health risk from on-site groundwater ingestion were selected from analytes detected in the
uppermost Arapahoe sandstone This 1s based on the finding, presented in the OU-2 Water
Supply Simulations document (Appendix C), that the uppermost Arapahoe sandstone 1s the only
hthologic umt that could support a domestic water well (see Appendix C)

Groundwater data from the alluvium, colluvium, valley fill, and No 1 sandstone were aggregated
for evaluating mugration of contaminants in groundwater t6 pdtential exposure points in Woman
Creek and Walnut Creek ~ S

.(*} . %’u\m{ N

“ S
The next step 1n the data evaluation process was | to remove quahcoﬂarol samples, such as
blanks, spikes, rinsates, from the database Dgta guahﬁers for chemncaTs (eg, B,E,Dand R)

were 1dentified and the following revisions to the database were made
. E qualified data (exceedéd@ﬁb:jﬁgﬁ range) were replaced with the associated
D qualified data (diluted to wTHun calibration range) The E qualifier for metal
analytical results dlcates that Rhe _reported value was estimated due to
interference Tl{ese data-we; as ?%ported

. "M%Mw . ey
ks

— &

. The B qualifier aé’sgned to an organic compound (volatile, semivolatile,
pesticide Molychlormateé biphenyl (PCB)) signifies that the compound was
found m/pmh the sample aﬂd the associated laboratory blank For validated
datay’ ﬁﬁhe rgported samplé@‘concentranon for a B quahfied compound that 1s
ncﬁ a‘commen )a@glgﬁry%ontammant was greater than five times the reported
congenfwtxou in the blank, the analytical result was used as reported If not, the
resuquMﬂed with a U by the validation contractor and the result qualified

W nmdekée;\atf}he reported value If the reported sample concentration for

a B quahfied compound that 1s a common laboratory contaminant (eg,

methylene chloride, 2-butanone, bis(2-ethylhexyl phthalate) was greater than ten

-~ times the reported concentration in the blank, the analytical result was used as

. mgouteqs If not, the result was qualified with a U by the validation contractor
%d tbe result reported as non-detect at the reported value

For non-validated data, B qualified results have been reported 1n the database,
however, there was no connection in the database between non-validated B
quahfied results and the associated laboratory blanks or rinsate blanks Because
the effect of blank contamination on the B qualified results could not be
assessed, the non-validated B quahified results were not included in the working

(4034 263-0049 540) (TM-9) (07/19/93 1.57pm) 2-5
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database for selection of chemicals of concern The removal of these
unvahidated B-qualified results from the working database does not adversely
mmpact the useability of the data for selection of chemicals of concern for the
following reasons (1) relatively few results were removed (000 from a total of
00000-to be determined), (2) all (?) the results that were removed were B-
qualified results for common laboratory coMa@ﬁants (e g, acetone, methylene
chloride, and bis(2-ethylhexyl)phthalate), {3) in the validated data set, most B-
qualified results for common labora;bwﬁtammants were changed to U
qualified results (non-detect) durmgyalufatlon, 30 1t is.probable that most of the
other B qualified results would also have been qualifxeg as non-detect The net
effect 1s to change the frqque’hcy of detection of common laboratory
contamnants by a small pegzentage because the number of samples 1s reduced
by the number of results removed for, each analyte This is not considered to
adversely affect the idenbication of site-related chemcals of concern for risk
assessment Q%‘\\ .

> 5,

,
K\, Nu

T,
The B quabifier @r am metal.cesult s1g1::ﬁies that the reported concentration 1s
greater than the ﬂﬁtrméﬁfdeggctlon 1t but less than the Contract Required
Quantitation Limit (QRQL) for that analyte These data were used as reported

R qualﬁ‘ieMat‘& (not usable ‘according to EPA criteria) were emnated
% &

%»
Rﬁq%ﬂxﬁed ffesukg@ggg@qsent a very small fraction of the entire data set
Rq&aﬁwﬂ }esults only appear 1n vahdated data

Data quah‘ﬂég,wnh ?“vr U\vgré“used as follows

Analytlcal results were J qualified if the compound was positively identified

__ below ,the CRQL The result was considered an estimate because of the

%ace;tanﬁty associated with detected concentrations at low levels Data qualified
w;th a’J were used as reported

A U qualifier assigned to an analytical result indicates that the analyzed
chemical was not detected above the sample quantitation imit The U qualifier
was the primary mechanism used for evaluating detection frequency for the
organic and inorganic constituents The U qualified data were used as non-
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detects for detection frequency determination, but one-half the reporting limit
was used as the result for statistical evaluation in the ANOVA evaluation

There were numerous instances where multiple analytical results for a given sample were

reported in the RFEDS database Circumstances that may bave resulted in multiple results
being reported and the action taken during review of the database include

g/f

;/
Vahlidated and non-validated results were rggo?ted for the same sample In all
cases where a validated and non-va;xdated sample result were reported, the

result from the validated record was rétamed in the“*dati’base
Y

»

Results from multiple dilutions were reported for the same sample Multiple
dilutions were typically reported for-the analyses for volatile and semivolatile
organics due to one or nfqge aqalytes exceeding the calibration range for the
mitial analysis In cases wheré\t.be result was flagged with an E qualifier by the
laboratory, the action taken was as Bescriqu above In cases where non-detects
were reported for-an analyte n both theanitial and diluted samples, the value
with the lower detecttﬁh»hm;t%“fc&mned In cases where the results were
reported as detected § in wthiheff;mand diluted samples, the higher value was
retamned 1n the database. .

LGN -
Results f;(f;: both.an nitial apalysis and a re-analysis and/or re-extraction were
reparteﬂ for the same § e For non-validated results, the reason for the re-
amlxsx%pe-eﬁtmtlon were not reported (e g, calibration, surrogates, internal
stand?ﬁ@re&) and 1t was not possible to determine if the problem requiring the

re-anhiysls was cosrected or if the re-analysis was performed within holding

e

s txmesﬁ“‘ag'ﬁ*e,refo?@M 1n cases where non-detects were reported for an analyte 1n

both the initial and re-analyzed samples, the value with the lower detection limit
was retained In cases where the results were reported as detected 1n both the
matial and re-analyzed samples, the higher value was retained in the database

, rd

For radionuclides, “negative values were considered non-detect, and values less than the

laboratory reporting limit were used as positive results or non-detects in accordance with

qualifiers assigned during data validation

(4034-263-0049-540) (TM-9) (07/19/93 2.31pm) 2-7
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concern 1n that medium Separate total risk factors are calculated for carcinogenic and
noncarcinogenic effects The ratio of the risk factor for each chemical to the total risk factor
approximates the relative risk for each chemical in the medium

EPA-recommended toxicity factors (reference doses and cancer slope factors) were used 1n the
concentration/toxicity screens (Step 6, Figure 2-1) and -in the calculation of risk-based
concentrations (Step 9, Figure 2-1) Slope factors and reférence doses were determined from
IRIS (1993), HEAST (1992 including later supplements) and iil‘E.QST (1991) and are hsted 1n
Tables 2-3 and 2-4 Chemicals of potential concern ﬁhak do nomgvé«EPA-estabhshed toxicity
factors are not evaluated quantitatively in the concentratnon/toxf&ty screens or i the risk
assessment However, their potential contribution 4o risk 1s evaluated quahtatlvely in the risk

»

assessment

Chemicals with very low risk factor ratlo&mﬁgmed”{o other chemicals 1n the medium were
eliminated from further consideration becausé\bﬁthem\very low potential to contribute to overall
risk In ths step of the selection process, all chemﬁ%Ls t??bgcontnbute approximately 1 percent
or more of the total risk factor Mé??“éonuiered chem?e’als of concern for evaluation 1n the
quantitative risk assessment This agﬁ?mch great duces the number of chemicals to be
carried through a risk assessment %ovvg“v@er ;ﬁ%roach 1s conservative (health protective)
because 1t retains some chemicals that éontr;ﬁute as little as 1 percent of the total potential risk
In most cases, only a fgw }ng%als contﬁbu%te the majority of risk from each medium
%

25 EVALUATIOI}VOF INFEQUMY DETECTED COMPOUNDS

L. %‘W /f

Chemicals detected Rﬁs@\que%!y (in less than S percent of all samples in the medium) can
usually be ehﬁiﬁfé?’ﬁ:gm sideration as chemicals of concern because of the low potental
for exposure Howeve,r these tompounds were further screened so as not to neglect an
infrequently detected compound that could contribute significantly to risk if the compound were
detected iri%aQ small area along with elevated concentrations of other chemicals of concern In
this analy: %&qmuu’i rﬁeasured concentrations were compared to screening levels derived
from health Tl}fs analysis, summarized below, 1s presented 1n detail in Appendix B
~,

For screening purposes, RBCs were defined as chemical concentrations associated with an
excess cancer risk of 10 or a hazard index of 10, assuming residential exposures Any low-
frequency chemical detected at a concentration greater than 1000 times the respective RBC was
identified as representing a potential health threat to exposed receptor populations, and was

(4034 263-0049 $40) (TM-9) (67/19/93 2.21pm) 2-9
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included 1n the list of OU-2 "special case" chemicals of concern for evaluation in the risk
assessment

RBCs were calculated assuming a residential exposure scenario, using conservative exposure
assumptions, and using standard toxicity values (RfDs and SFs) published by EPA RBCs for
chemuicals 1n surface and subsurface soils were calculated assuming multiple pathway exposure
(ingestion, dermal contact, and inhalation of particulates). {R\BCS for chemicals 1n groundwater
were calculated based on ingestion only, since this was }assum\éd%go be the chief groundwater
exposure route The exposure parameters used to calgﬁlafte RBCs.arepresented mn Appendix B,
and are those which were presented in the Exposyre Scenarios Techmga?“‘Memorandum No 9
(EG&G 1993) Toxicity values used to calcula&e RBCs are listed 1n Table 2-3

1

2-10
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TOTAL METALS
Target Analyte List
Soil
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thalllum
Vanadium
Zin¢

OTHER METALS
Soil
Molybdenum
Strontium
Cesium
Lithium

Tin

#
OTHER INORG.
Soil

ICS

Ry

H
Sulfide TN el
Nitrate-Nitrite (as N) \
Percent Solids
Cyanide
Moisture Content
Orthophosphate
Bromide

Ammonium
Silica (as S1 and S102)

e~
:“'w . (4034263-0049-340) (RTT2 | XLS) (771933 54 PM)

v
!
[
x
3

TABLE 2-1
ROCKY FLATS PLANT OU-2

SITE-SPECIFIC CHEMICAL ANALYSIS ROSTER
PHASE II OU-2 SAMPLING PARAMETERS

INDICATORS

Soil

Dissolved Organic Carbon
Total Organic Carbon

#

#

OTHER PARAMETERS o
Total Petroleum Hydrocarbons / .
“

METALS 4
Target Analyte List P

Groundwater T4
(Total and Dissolved ﬁ_eﬁl;)
Aluminium .
Antimony y P
Arsenic ¢
Barnum
Beryllium
Cadmium WN\
Calciumy ...
Chromium T
Cobalt . e,
Copper %% * §
Iron YW v/
Lead < F
(Magnesium

vianganese
Mercu

Nl‘ﬂkel .
Potassitmy—-......
'Selénium

Silver

Sodi

"‘\ R,

1 3
Vanadiym
Zinc

s e i g e A R

g el Ao e

Sy

OTHER METALS
] Q;g_qngwater

Molybdenum
Strontium
/Cestum

N

an T

T,
MMMETEM
Groundwater

pH

Specific Conductance
Temperature

Dissolved Oxygen

INDICATORS

Groudwater
Total Organic Carbon
Dissolved Organic Carbon

pH

ANIONS

Groundwater
Carbonate

Bicarbonate

Chlonde

Sulfate

Nitrate (as N)

Cyanide

Fluonde

Bromide

Silica (as S1 and S102)
Ammonium
Orthophosphate

OTHER PARAMETERS
Total Petroleum Hydrocarbons

Sheet 1 of 3
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TABLE 2-1
(Continued)

ORGANICS VOLATILES
Target Compound List
Soil and Groundwater
Chloromethane
Bromomethane

Vinyl Chionde
Chloroethane
Methylbenzene Chlonde
Acetone

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane

Total 1,2-Dichlkoroethen
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachlonde
Vinyl Acetate
Bromodichloromethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane

Trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane =
1,1,2-Tnichloroethane 4
Benzene , 7
ci1s-1,3-Dichloropropene 5
Bromoform Lo
2-Hexane N M
4-Methyl-2-pentanone -,
Tetrachlorocthene e -
Toluene 7 RN
Chlorobenzene
Ethyl Benzene
Styrene NN y
Total Xylenes o 7

N . Ny f/

S, -

Y
N

PSS

(4034-263-0049-540) (R7T2 1 XLS) (7/18/93 3 54 PM)

2 st eI,

Target Compound Last

Soil and Groundwater

alpha-BHC

beta-BHC

delta-BHC

gamma-BHC (Lindane) ‘
Heptachlor
Aldnn pa
Heptchlor Epoxide < v
Endosulfan I

Dieldnn N
4,4-DDE

Endrnn

Endosulfan 11 & a,
4,4'-DDD A N
Endosulfan Sulfate .~
4,4-DDT ST
Endrin Ketone Ml
Methoxyckitor-....._ N
alpha-&lordan;w MWM
gamma-Clgo?danJ? o g
Toxaphene = - f i
Aroclor-1016 .
FAtoelor-1221
Areclor-1232
Aroclor:1242 @
Aroclor-1248

ﬁgﬁ?‘f‘i‘“ﬁ?ﬂ“’w
50 lor-1260
R
?w%l: SOIL PARAMETERS
Total Brganic Carbon
Carbonate
pH
Specific Conductance

Plutonium-239 and 240
Americium-241

S

e e e a i L e

e e C——
ORGANICS PESTICIDES/PCBs

TOTAL RADIONUCLIDES
Sail

Gross Alpha

Gross Beta

Utamum-233, 234, 235, and 238
Amencium-241

Plutonium-239 and 240

Tatium

. Stroritipm-89,90

Conum 137

Radwni~226, 228

DISSOLVED RADIONUCLIDES
Groundwater

Gross Alpha

Gross Beta

Uranium-233, 234, 235, and 238
Trittum

Strontium-89, 90

Cesium-137

Radium-226 and 228

Tntium

TOTAL RADIONUCLIDES

Groundwater
Plutonium-239 and 240

Amencium-241
Trntium

Sheet 2 of 3
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TABLE 2-1
(Concluded)

ORGANICS SEMI-VOLATILES
Target Compound Last
Soil and Groundwater
Phenol Hexachlorobutadiene
bis(2-Chloroethyl)ether 4-Chloro-3-methylphenol(para-chloro-
2-Chlorophenol 2-Methylnapthalene
1,3-Dichlorobenzene Hexachlorocylopentadiene e
1,4-Dichlorobenzene 2,4,6-Tnchlorophenol “
Benzyl Alcohol 2,4,5-Tnchlorophenol f ,f ’
1,2-Dichlorobenzene 2-Chloronaphthalene {7
2-Methylphenol 2-Nitroamline .
bis(2-Chloroisopropyl)ether Dimethylphthalate ¢
4-Methylphenol Acenaphthlene ya:
N-Nitroso-Dipropylamine 3-Nitroaniline s 7
Hexachloroethane Acenaphthene ) S
Nitrobenzene 24-Dimtrophenol., .
Isophorone 4-Nitrophenol ., “
2-Nitrophenol Dibenzofuran ™ “ L
2,4-Dimethylphenol 2,4-Dimtrotoluene \\\:’“
Benzoic Acid 2,6-Digitrotoliizne.....
bis(2-Chloroethoxy)methane Dlethylﬁigthﬂmw‘w%w
2,4-Dichlorophenol 4-Chlorophgn§‘1 Phenyl Ether...
1,2,4-Trichlorobenzene Fluorene * *~ °
Naphthalene 4-Nitroaniline™ :
4-Chloroaniline B 1 ﬁbqutrod-méﬂ:yfpl;enol
< - ,
™
> h %%V
e W,WW““%&%‘\% %“”%,& )
4
T . M ’ ,
s, - %, M\; ; b
S

;2:\; (4034-263-0049-540) (R7T2 1 XLS) (7/18/93 4 48 PM)
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N-mitrosodiphenylamine
4-Bromophenyl Phenyl Ether
HeXachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Dx-ﬁ&uty?p@alate
Fluoran%epe -

Pyrene e

Butyl Benzylphthalate
3,3'-Dichlorobenzidine
Benzo(a)anthracene
bis(2-ethylhexyl)phthalate
Chrysene

Di-n-octyl Phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,1)perylene
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TABLE 2-3
TOXICITY FACTORS
Oral Slope Inhalation Slope EPA Cancer
Factor Oral RfD Factor Inhalation RfD Weight
Analyte 1/(mg/kg/day) (mg/kg/day) 1/(mg/kg/day) (mg/kg/day) Evidence
1,1,1,2-tetrachloroethane 26E-02(1) | 300E-02(1) [ 2 60E-02(1) - C
1,1,1-trichloroethane - 9 00E-02 (2) " A 3 00E-01 (2) -
1,1,2,2-tetrachloroethane 2 00E-01 (1) - 2 00E-01 (1) - C
1,1,2-tnichloroethane 570E-02 (1) [ 400E-03(1) | 5 70E-02(1) - C
1,1-dichloroethane - 1 00E-01 (3) P 1 40E-01 (2) C
1,1-dichloroethene 6 00E-01 (1) | 900E-03 (1) | LA75E-01TH) - c
1,2,3-tnchloropropane - 6 00E-03 (1) SoF e N - -
1,2,4-tnchlorobenzene - 1o0E-02(1) [ <. - ™ MEos ) -
1,2-dibromo-3-chloropropane 1 40E+00 (2) - E 2 40E-03 (2) %&E-OS 1) B2
1,2-dibromoethane 8 50E+01 (1) - {  760E-01(2) - B2
1,2-dichlorobenzene - 9 00E-02 (1Y - 4 00E-02 (2) .
1,2-dichloroethane 9 10E-02 (1) . . 9 10E-02 (1) - B2
1,2-dichloroethene - 900E-08 (2) | > - - -
1,2-dichloropropane - R - 1 00E-03 (1) -
1,2-dimethylbenzene (o-xylene) - 2 OOEN Q\ - - -
1,3-dimethylbenzene (m-xylene) - 2 00E+0 (1)} T - - -
1,4-dichlorobenzene 240E-02 ()] - o, - 2 00E-1 (2) C
2-butanone - 6 - 3 0E-01 (1) -
4,4-DDT 3 40E-01 (B *”ngs-y (1) |3 40E-01 (1) . B2
4-methyl-2-pentanone - Y Se0E02)~ - 2 00E-02 (2) .
acenapthene - 6 OBE-02 (1) - - -
acetone - 1*00E=01 (1) - - .
anthracene ’i:-% ) 3 66501“(1) - - -
antimony . -, 4 00E-04 (1) - - -
Aroclor-1254 V7 70E£00 (4. - . - B2
arsenic &) 175E+90¢-L 3.00E04 (1) | 1 50E+01 (1) - A
barum ) A 7 00E-02 (1) - 1 40E-04 (2) .
benzene \.2 90E:02 (1) . 2 90E-02 (2) . A
benzo(a)anthracene "] 53QE-0IN4) .- - .- B2
benzo(a)pyrene = |5 8OEF00 (4) - 6 10E+00 (2) - B2
benzo(b)fluorantheng” 5'80E-01 (4) . - - B2
benzo(k)fluoranthene 5 80E-01 (4) - - - B2
benzoic acid S - 4 00E+00 (1) - - -
beryllum ~ 4/ SE-1@) | 84E-10(D) B2
bis(2-ethylhexyl)phthalate . | A 40E-02 (1) | 2 00E-02 (1) - - B2
bromodichloromethane S 6 20E-02 (1) | 2 00E-02 (1) - - B2
bromoform ~| 790E-03 (1) | 200E-02(1) | 3 90E-03 2 - B2
butyl benzylphthalate - 2 00E-01 (1) - - -
cadmium (food) - 10E-03 (1) | 6 30E+00 (1) - Bl
:: Xz (4040-263) (Tl 23 xis) (7/18/93 8 43 PM) Sheet 1 of 3
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TABLE 2-3
TOXICITY FACTORS
Oral Slope Inhalation Slope EPA Cancer
Factor Oral RfD Factor Inhalation RfD Weight
Analyte 1/(mg/kg/day) (mg/kg/day) 1/(mg/kg/day) (mg/kg/day) Evidence
cadmium (water) - 5 00E-04 (1) 6 30E+00 (1) - Bl
carbon tetrachlonde 1 30E-01(1) | 7 O0E-04 (1) 5 25E-024]) - B2
chlorobenzene - 2 00E-02 (1) - 5 00E-03 (3) -
chloroethane - - - 7 3 00E+00 (1) -
chloroform 6 10E-03 (1) | 100E-02 (1) 8 QﬂE-O'Z\(l) - B2
chloromethane 1 30E-02 (2) . 6'30E-03 (2). . c
chromum III - 100E+00 (1) | / » - = - -
chrysene 5 80E-02 (4) - - N - B2
cis-1,2-dichloroethene - 1 00E-02 (2) - T - -
cis-1,3-dichloropropene - 3 00E-04 (1)* - 5 00E-03 (1)* B2
cumene - 4 00E-02 (B - 3 00E-03 (2) -
cyanide - 2 00B-02(1) | .. - - -
di-n-butylphthalate - 1 OﬁE-i-d{il ) B - - -
di-n-octylphthalate - 2008023 |, - - -
dibromomethane - 100E02¢3) ™. - - -
dichlorodifluoromethane - 2 00E-01 (1)° “ E " 5 00E-02 (3) -
diethyl phthalate - \% S . - -
ethylbenzene -7 100 n - 3 00E-01 (1) -
fluoranthene - w{”a 4 O0E~02 )] s - - -
fluorene - 4. 00E-02°1) T - - -
heptachlor epoxide 9 10E+00 (1) | “130E-05(1) | 9 10E+00 (1) .- B2
hexachlorobutadiene 4],895&2 ) . 7 80E-02 (2) - C
hexachloroethane ;/405\-02(1) 1 00E-08 (1) 1 40E-02 (1) C
indeno(1,2,3-cd)pyrene 4 80E01 {4) N - - B2
manganese 4 ~+66E-01 (3) - 1 10E-04 (1) -
mercury < - et 3,00E-04 (2) - 9 0E-05 (2) -
methylene chlonde . |™%0E903 (1) | 600E-02(1) | 160E-03(1) 9 0E-01 (2) B2
molybdenum ) ", 5 00E-03 (1) - - .
N-mitrosodiphenylamige™™™ ™ . ;\995-63\@) . . - B2
naphthalene .~ 777 [ 3w | 400B-02(2) - - -
mickel - : 2 00E-2 (2)
o-chlorotoluene - 2 00E-02 (1) - - -
p-xylene v T S 2 00E+00 (1) - - -
pentachlorophenol ., ’ L20E-01(1) | 3 00E-02 (1) - - B2
pyrene - 3 00E-02 (1) - - .
selenium e 5 00E-3 (2)
silver ~ - 5 00E-03 (1) - - -
strontium 8 8E-1(2)
styrene - 2 00E-01 (1) - 3 00E-01 (1) -
tetrachloroethene 5 10E-02 (3) | 100E-02 (1) 1 80E-03 (3) - B2
thallium - 7 00E-05 (2) - - -
tin 6 00E-02 (2)
toluene - 2 00E-01 (1) - 1 10E-01 (1) -
o (4040-263) (Tvl 23.xs) (/1893 8 43 PM) Sheet 2 of 3
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Analyte

Oral Slope
Factor

TABLE 2-3
TOXICITY FACTORS

Inhalation Slope

Oral RfD
(mg/kg/day)

Factor

Inhalation RfD

EPA Cancer
Weight
Ewvidence

trans-1,2-dichloroethene
tnchloroethene

vinyl chlonde

Zinc

1/(mg/kg/day)

1 10E-02 (3)
1 90E+0 (1)

2 00E-02 (1)

2 00E-01(2)

1/(mg/kg/day)

5 95E-03,(3)
3 00E-01 (1)

(mg/kg/day)

B2
A

Sources
1 =1IRIS

2 =HEAST 1992 (including supplements)

3 =HEAST 1991

4 = EPA Region IV Guidance, February 1992
* Values are for 1,3-dichloropropene No data for mdw:du”al xsomer

A = Human carcinogen

B1 = Probable human carcinogen (Iimited human data) w7
B2 = Probable human carcinogen (animal data only)

C = Possible human carcinogen

- = Not classifiable or not carcionogenic

(4040-263) (Tbl 23.xls) (7/18/93 8 43 PM)
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TABLE 2-4
TOXICITY FACTORS
FOR RADIONUCLIDES
EPA Cancer
Inhalation Slope External Slope =~ Weight of
Oral Slope Factor Factor Factor Ewidence
Analyte (Rusk/pCy) (Rusk/pCy) _(Rusk/yr/pCu/g)
241 Amernicium 2 4E-10 3 2E-08 ¢ 49E <09 A
134 Cestum 4 1E-11 2 8E-11 . 52E-06 A
137 Cestum 2 8E-11 198-11 ¢ 0 OE+00 A
238 Plutonium 2 2E-10 39E-08 ¢ \“‘%z,sﬁ-u A
238 Plutonum 2 3E-10 38E-08.° = "1 7Bl A
240 Plutontum 2 3E-10 3 8E-08. 2IE-11, A
226 Radum 12E-10 3 0E<09 12E08. / A
228 Radium 1 0E-10 66EA0 0 OE+00 A
Strontum 89 3 0E-12 29E-12 4 TE-10 A
Strontium 90 3 3E-11 56E-11 0 OE+00 A
Tritium 54E-14 / [18E:d47 0 0E+00 A
Uranium 233,234 * 16E-11 ™ 26E08 3 OE-11 A
Urantum 235 1 6E-11 “2.5E-08 2 4E-07 A
Uranium 238 1 6E-11 2 40B-08 ™ 2 10E-11 A
e, AN )
Source HEAST 1992 . e >
o R - Mw
A =Class A (human) carcinogen N ;
* = Slope factors shown are for u-234 * ‘K .
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3.0
GROUNDWATER CHEMICALS OF CONCERN

3.1  DATA EVALUATION S
Chemicals of concern 1n groundwater were selected usugg{ tb&data sets identified in Table 2-2
Samples collected in 2nd through 4th quarter 1991 and’ lsﬁﬁ«(hrougy 3rd quarter 1992 were used
to evaluate volatile organic compounds, pestxcndé and P tals, and radionuchides
Samples collected in 4th quarter 1992 and 1st quarter and 2nd q:::t%rs 1992 were used to
evaluate semivolatile organic compounds (sq:ﬁfglatﬂe data were not available prior to 4th
quarter 1991, no 3rd quarter 1992 data were receved for semivolatiles)

- f/ ’ ”
The data received from RFEDs were re‘\zne,w\ﬁmzﬁéﬁxted using the steps and criteria outhned
in Section 21 to develop a data set of egvu?)n@ental samples for further evaluation
Groundwater data were then d1v1ded mnto two sé&.(or 'selection of prelminary chemicals of
concern (1) analytical results @om wélis-s u_‘.;_, mhe No 1 Sandstone and (2) analytical
results from all (UHSU) wells (1 €., wﬁr“mhe Sandstone, alluvium, colluvium, and valley
fill) The No 1 Sandstone could supp"b;t gfdnnkmg water well, under a hypothetical future
residential development scenario, fut&re e{emdents could be exposed to OU-2 contaminants
through ingestion of wate;.f(om the No ISandstone Therefore, analytical results from the No
1 Sandstone are ugcd 1o select em& concern for the residential groundwater ingestion
scenario P /

™ w B
*»% e f

The alluvium, n,_colluvibm, %q valley fill are relatively thin, discontinuous, and on slopes
(colluviup), j)ave..,,l 1efas;»\aﬁ& are only intermuttently saturated (see Appendix C) These
units qénnf)t provxde dr: g water and were therefore not included as exposure media for on-
site fresgdentlal groundwater ingestion exposures However, analytical results from samples
collected fmm momtormg wells 1n the alluvium, colluvium, valley fill, and No 1 Sandstone were
used to ngate Qonfamlnant mugration through groundwater to surface water in Woman Creek

and Walnut Cf“eq!(% These units are referred to collectively as the UHSU

&

32  BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS
The comparison of OU-2 data for metals and radionuchdes detected in groundwater to
background data is presented 1n Appendix A Metals and radionuclides with 5 percent or more

of data above the 95% UTL of background or that were estimated to exceed background levels
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by the ANOVA evaluation were retamed for further evaluation as potential chemicals of
concern Total metals and radionuchides above background levels were considered potential
chemicals of concern for purposes of evaluating groundwater ingestion scenario (No 1
Sandstone) Dissolved metals and radionuchdes above background level were considered
potential chemicals of concern for mugration of contaminants in groundwater Metals and
radionuchdes that did not exceed background levels or ‘that were evidently unrelated to
operations or sources in OU-2 based on spatial and }emporal evaluation of the data were
eliminated from further consideration as potential che‘m;ca{s of-concern

w\\ \%“\
Tables 3-1 through 3-4 summarize the results %Q,f comparmg conbe{:?}txons of metals and
radionuchdes in groundwater to background levels Tables 3-1 and 3-2 show the results for total
metals and radionuchdes 1n the No 1 Sandsténe Tables 3-3 and 3-4 show the results for
dissolved metals and radionuchdes in the UHSU ’thal morganics 1n the No 1 Sandstone are
evaluated as chemicals of concern for r&ﬂ\%\w opf site groundwater ingestion, and dissolved
morganics are evaluated in the UHSU for mxmu(é‘h\of contaminants in groundwater Metals
and radionuchdes that exceeded background anNthere identified as potential OU-2
contaminants based on data eva{ganm luded in Eoncentratlon/ toxicity screens to select
chemicals of concern for use in ﬁﬁsi Mesﬁ)ne%w
SN
Metals are elimmnated from further consideratlon if less than 5 percent of the OU-2 data
exceeded the 95% M{;(?&kgoundmnﬁ if the ANOVA analysis showed no significant
difference from baékground p<0 05) Miétals that appear to exceed background by one or
both of the tests’ arc retaﬁemm@glusmn in a concentration/toxicity screen, or for further
evaluation of the%gatlalfal}d temporal distribution and occurrence of elevated concentrations
to 1identify M -Z%Bmammants This was done n order to eliminate analytes from
further c;ms1dc5auon'\h%at a?&,n&*%actual site contamnants It 1s important that risk assessment
and the selection of re'médles be focussed on actual site contaminants that could threaten public
health er the envuonn'éeni rather than on naturally occurring elements or trace contaminants
that may be.detected mfnequently at elevated concentrations but are not characterstic of site
contamm%hq\[l ” 4
™~ f
321 No.1 Sandstone
Table 3-1 shows the results of the background comparison for total metals in No 1 Sandstone
On the basis of the statistical tests, the following metals do not appear to exceed background

levels arsenic, antimony, arsenic, berylium, cadmium, chromium, cobalt, copper, lithium,
molybdenum, nickel, silver, vanadium, and zinc On the basis of spatial and temporal
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evaluation, the following inorganic compounds are not considered site-related contaminants in
the No 1 Sandstone cesium, cyanide, lead, mercury, selenium, strontium, thalllum, and tin
The reasons are discussed below Other norganics 1n the No 1 Sandstone with widespread
elevated concentrations that are potentially related to contammnant plumes in OU-2 are
aluminum, barium, manganese, and zinc These metals are widely distributed and consistently
found at elevated concentrations at known source areas

El

&

Metals Eliminated as Con;aminaﬁts
on the Basis of Spatial/Tempo!;ul Ethlm
No. 1 Sandstoné N
- *,
Cesium  Reported concentrations for total eessum range from 30 to 80 pg/L (all estimated
below sample reporting imit) The detection fféqueaq in the No 1 Sandstone 1s 9 percent (6
of 67 samples), which 1s relatively low The baclggrou‘ﬁd UTL 1s 408 pg/L Typical detection
Iimits are 500 or 1000 pg/L, which probably ﬁmg the results of the ANOVA and UTL
comparisons The highest concentrations detecte ”‘(Qg iu.go ug/L) were found 1n three wells
2991, 3091, and 3691 screened at the base-of the No 1 Sandstone in the NE Trench Area Well
pairs screened 1n the upper part of th*Q““Ne...J, Sandstone (but below the bottom of the nearby
trenches) were nondetect for cesium a\tﬁrgpoﬁm;ts of 500 and 1000 ug/L Cesium 1s
probably not present 1n these samples sggamﬂess of the high detection limits, because in other
samples, cestum was . b at ‘concentrations one or two orders of magnitude
lower than detection hﬁiﬁ% non-detectsyr the upper No 1 Sandstone suggests that cesium
1S not being tranqurteﬂ fromﬁou?é‘é““a”r’éﬁs"m the trenches At wells 2591 and 10991, which are

unrelated to soureq%f?‘eaéwanckscree

of *&g to 70 pg/L Therefore, cesium 1s ehminated as a site-related
p ﬁNhe No 1 Sandstone, since most of the estimated elevated
concentrathﬂﬁ are n\gxhted to-Source areas, frequency of detection 1s low and there 1s no
tempgx'al Jpattern to the bceurrences of elevated concentrations

ned’in the No 1 Sandstone, cesium was also detected at

gan;dg \anme coﬂc{:{ghtratnons exceeded the background UTL of 5 ug/l (background
maximum=8 5 pg(L“f(mfthree unrelated locations well 1491 (8 5 pg/L), well 3687 (125 ug/L)
and well 13191 (20‘7w.g/ L) The rare and scattered occurrences of concentrations somewhat
above background range indicate that elevated cyanide 1s not characteristic of groundwater 1n

the No 1 Sandstone and that it 1s not a chemical of concern for OU-2

Lead Elevated concentrations of total lead up to 171 pg/L) were detected 1n several wells
screened 1n the No 1 Sandstone in the NE Trenches Area, in the Mound Area, and west of the
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903 Pad However, most of these wells also contained elevated concentrations of total iron,
aluminum, and hthium, which are rock-forming elements Dissolved concentrations of these
elements were not elevated, and there 1s no evidence of dissolved-phase plume For example,
at two wells with elevated total lead concentrations (well 11891 at 171 pug/L and in well 3691
at 86 pg/L), dissolved lead was non-detect at a reporting limat of 3 ug/L The elevated total
lead concentrations may be related to suspended solids m’ ‘the water samples rather than to
leaching due to OU-2 contamination because there 1s no *evnéence of a dissolved-phase plume
K N

5,

Mercury Mercury was detected in 16 percent af the samples anglyzed The maximum
concentration in the No 1 Sandstone (08 pg/L) was detected n 5691 in the NE Trench
Area The background UTL 1s 02 pg/L Merg‘ul;y was also detected m&\i)ree wells (2387, 1791,
and 1491) in the Mound Area, 1n concentratmnwranglng from 027 to 0 62 pug/L, these wells are
screened 1n the No 1 Sandstone However, th”e uppér.paired wells were non-detect for mercury
at a reporting limit of 02 pg/L Dmsolv%dQM mércury was not elevated above background
levels, and there 1s no evidence of a contémma plume Mercury 1s not considered a
contaminant in groundwater because (1) even theinm\élbg concentrations are low (025 to 12
ug/L), (2) dissolved-phase concalw in background levels, (3) elevated
concentrations occur in some wéﬂs%“éngd ME& ase of the No 1 Sandstone but not 1n
paired wells screened near the top\bf the' safidstone, and (4) only one well (11691 in the NE
Trench Area) had merc%detected Mmdre than one sampling event

Y
v* &
» ~ “&,5 ‘? \

Selemum_ Selenium was not detected in concentrations above 5 pg/L, the background UTL,

m No 1 Sandstc;ﬁe wells néa;e,m;;rce areas It was detected i two wells at Indiana Avenue

(twice 1n well 286\;?roxﬁlately 11 ug/L and twice in well 41591 at approximately 8 pg/L)
Because elevated conc traMns were found distant from source areas, but not close to source

areas, sele

A
y

1M.@Non®?dege?}a contammnant in the No 1 Sandstone
&

troﬁ/t;m Concentraiﬁ;ons for total strontium were somewhat elevated 1n 4 of approximately
80 samgle llected fromwells screened 1n the No 1 Sandstone Elevated concentrations from
1010 to 13’70 pgrL (baclzround UTL = 1100 pg/L) Comparable concentrations also occur in
wells that are unrelated to source areas (such as wells 286 and 41591, both at Indiana Avenue)
Strontium was also detected at somewhat elevated concentrations 1n some wells potentially
related to source areas These latter wells include well 1491 at the 903 (Pad 1040 yg/L), and
well 291 near the nner East Gate (1070 ug/L) The filtered fraction was also elevated in most
samples where total strontium was elevated Since concentrations are found in wells unrelated
to source areas at concentrations comparable to those found near source areas, since elevated
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concentrations are only somewhat above background, and since there 1s no evidence of a total
or dissolved-phase plume, strontium 1s not considered a contaminant for OU-2

Thallum Thallhlum was detected in 15 percent of the samples analyzed in concentrations
ranging from 1 to 3 ug/L (total thallum), background UTL 1s 2 pg/L  Thalllum 1s not
considered a contaminant i the No 1 Sandstone because }Q‘f t})e low frequency of detection of
elevated concentrations (5% of the detected thallium results exceed the background UTL), and
because the elevated concentrations are not sxgmfica:}g/ A @N%\
s f} \‘”\ .

Tin_ No detected concentrations for total tin exce,ed\;ai 92 pg/L (tﬁ%aékground UTL) There
1s not apparent relationship with source areas or-a phone, therefore, tin 1s not considered a

contaminant in the No 1 Sandstone

s

¢ s
Table 3-2 summarizes the backgrounﬁx,compai'xs?mi for total radionuchides in the No 1
Sandstone  Radionuclides considered to M&"t@gtlﬂ OU-2 contaminants in the No 1
Sandstone are americium 241 (0 04 pCi/L), and M&Mﬂ 239/240 (001 pCi/L) Total (as
opposed to dissolved) uramum’: ~were only an yzed for in 4 groundwater samples
collected in the Mound Area U . urring, and according to the statistical
tests the detected concentrations are within Background range Dissolved concentrations also
did not exceed background according tﬁthe{ﬁtatlstxcal tests (see Appendix D) Because uranium
1sotopes could be relgm%rces mn QQ\U‘&@ based on plant history, further evaluation of a
larger data set, mcl;ﬂl{gé dms?élvémqmggncentfﬁ]ons in the No 1 Sandstone, borehole (subsurface
soil) data, and mwﬁgé ratios 1s.Iec

e

of concern 1n grf)“hqgsv“m

\% ~

322 UHSU_._ ™ SN
- . & i . Z‘Qze *'\QW&»

Table 3-3 shows the results of the background comparison for dissolved metals in the UHSU,

mcludm\é\?hg {jo 1 Sands}one Dissolved phase constituents are evaluated in the UHSU rather

than totalh&a%qglﬁowed-phase contaminants may be transported 1n groundwater to exposure

points in Woman or Walnut Creeks

&
£
&

On the basis of the statistical tests, the following metals do not appear to exceed background
levels aluminum, cadmium, cobalt, lead, lithium, mercury, silver, and vanadium On the basis
of spatial and temporal evaluation, the following metals are not considered site-related
contammants mn the UHSU antimony, arsenic, berylhum, chromium, molybdenum, nickel,
selenium, strontium, thallum, and tin The reasons are discussed below Other metals 1in
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UHSU groundwater with widespread elevated concentrations that are potentially related to
contaminant plumes in OU-2 are barium, cesium, manganese, and zinc

Antimony Antimony concentrations are evenly distributed unrelated to source areas
Concentrations range from 8 to 88 pg/L, the maximum value was detected at well 286 at
Indiana Street Other detected values were below the 95% UTL of background (53 pg/L) and

appear to have no relationship to source areas
£

NS
Arsenic  Detected concentrations of arsenic ra&ge from”"“«»l Mth”S pg/L Two elevated
concentrations (6 3 and 7 6 pg/L) were observed n; samples from alhmgl Wwells near the 903 pad,
but other concentrations ranged from 1 to 3 pﬂl.,{ The background UTL1s8 ug/L Elevated
arsenic 1s not characteristic of groundwater ;*contammatlon in OU-2 and 1t 1s therefore
eliminated as a chemical of concern ‘ N

Uy
\%\

Beryllum Berylhum was detected 1n onlxj?% pércent of the samples The OU-2 mean
concentration 1s 2 pg/L (maximum 1s 3 pg/L), baékghhd mean 1s 1 pg/L. This difference 1n
mean concentrations 1s not consith because the concentrations are uniformly low
and the frequency of detection 1sdommym 1s“}ot considered an OU-2 contaminant in

groundwater N
&

“

Chromium Eight resm 194 exceed the background UTL of 13 pg/L, however, the OU-
2 maximum detected value éf 23 pg/L mequlvalent to the background maximum, and the

elevated concent: on“é‘»(lG ;5 23 pg/L) 'were from wells associated with 1n the NE Trench Area
(wells 3686 ;QQM 3687 ¢ui“a§her elevated observations are not consistently associated with
source ar@ds Mem, cﬁmr&yﬁm 1s not retained as a potential chemical of concern in OU-2

%

Molybdénum Only one sample result of 67 pg/L (at well 2987) exceeded the background UTL
of 64 mg/L Other deteéted concentrations ranged from approximately S to 25 ug/L, with
somewha\\hj\t cance'ntratlons (20 to 67 pg/L) seen at wells 5091 and 2987 Elevated
concentrations are h;gfﬂy localized and no other meaningful spatial or temporal distribution 1s
apparent Because all but one sample result were below the background UTL, molybdenum 1s
not considered a site-related contaminant in OU-2

Nickel Seven sample results exceeded the background UTL of 30 pg/L  Elevated
concentrations of nickel were detected in four samples from well 2987 (239 to 1210 pg/L), one
sample each from well 3686 (287 pg/L) and well 6586 (65 pg/L), and in one sample from well
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286 at Indiana Street (46 pg/L) The elevated concentrations do not appear to be associated
with source areas in OU-2 or with a contaminant plume Other detected values ranged from 2
to 30 ug/L, which are equal to or below the background UTL of 30 pg/L Because elevated
concentrations are highly localized to three wells within OU-2 (not counting well 286 at Indiana
Street), all of which are screened 1n the colluvium or valley. fill, and do not appear to be
associated with source areas, nickel 1s not considered an OU-2 related contaminant
f‘,

Selenium Selenium concentrations are not elevated }950\;& baékgound UTL of 5 pg/L except
at well 2987 (123 to 168 pg/L 1n four samples) and atfwells%%aﬁ"d 41591 at Indiana Street,
where selenium was detected at concentrations Qf 9 and 12 pg/LWelfﬁ987 has consistently
elevated concentrations of metals, but these m;tals” concentrations are not considered indicative

of contamination in OU-2 Therefore, sele}l”fuﬂi 1s not considered a contaminant 1n OU-2
/9

» » &%
N

Strontium The background UTL conwm@tlondonétrontlum 18 1041 pg/L (maxamum = 1710
ug/L) Very few samples collected in OU-ihd résugts exceeding these levels Strontium was
detected at 1170 pg/L at well 1391 in the Mouffd&Ar“ea (background UTL = 1041 pg/L)
Strontium was also detected 1n elevatéd-ea trat103§“(1590 to 1910 pg/L) 1n four samples
from well 2987, 1n samples collected ﬁaﬁ“well Md 41591 at Indiana Street (2000 to 2290
pg/L), n well 7391 near a source trench’ (a,bout 3000 pg/L 1n two samples), and in well 3686
(2020 ug/L), which 1s screened thexéguegffm in Walnut Creek Strontium 1s otherwise evenly
distributed throughogf Ollz%ukconcentf*a»noxgs of less than 1000 pg/L. Because strontium was
detected 1n comparﬁble concént@&g_ns 1n wélls near source areas and at locations distant from
source areas, 1t ;s nOt consiydgmgmg&OWZ contaminant
“ W 7

Thallium Thalhum Was ofi‘iﬁdetected i 6 percent of the samples, in concentrations ranging
from 1 tgff m&g}’wnd}mean 1s 3 pg/L) It was not detected in 94 percent of the
sample§ at’a detection lﬁmt of 10 pg/L It 1s not considered a contaminant

Tin xI n° was detected /in 10 percent of the samples from the UHSU The maximum
concentrathn &%m’@vaﬁ 89 pg/L, detected 1n well 1787 1n the Mound Area, compared to the
background UT*L of }6 ug/L It was otherwise sporadically detected at concentrations ranging
from 15 to 52 pg]L the latter result being from well 286 at Indiana Street Tin 1s not
considered an OU-2 contaminant because only one detection exceeded the background UTL
and because the next highest detection was at well 286 at Indiana Street, which 1s unrelated to
source areas in QU-2
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Table 3-4 summarizes the background comparison for dissolved radionuchdes in the UHSU
For a number of the analytes, few background data were available for comparison Therefore
all are retained for further evaluation in a concentration/toxicity screen and spatial and
temporal analysis Further evaluation 1s especially important for the uranium 1sotopes, which
could be naturally occurring or related to sources in OU-2 Alkthough the statistical procedures
indicate that the uranium 1sotopes do not exceed background fevels, they have been included
in the concentration/toxicity screens to help 1dentify those m\gtopes on which to focus further
spatial and temporal analysis SRV

i3 FREQUENCY OF DETECTION “ s

Organic compounds detected at a frequency ot;«‘gs percent or greater were considered potential
chemicals of concern These compounc/lsfaze hstg&“»m Tables 3-5 (No 1 Sandstone) and 3-6
(UHSU) and are included in the conce‘ﬁtcg“ﬁﬁn/toxfcny screens that accompany this section
Frequency of detection was evaluated sepg}‘atgly}‘“ng the No 1 Sandstone and UHSU for
consistency with the evaluation of n mwe:w&als and rad?i‘inugh s
Infrequently detected compounas (g;?é?ul @au 5 percent frequency) are hsted in
Tables 3-7 and 3-8 ConcentratlonE@f%{reguently detected organic compounds were further
evaluated as descnbed‘( Mgctmn 3§xta‘& identify "special case" chemicals of concern for

evaluation 1n the nsk;ds}essmeht N

8,
I's e
4

& Py
34  CONCENTRATION/TOXICITY SCREENS
o 7 s
Concentration tcmwgt?\“&ré%ni were used to identify chemicals to be evaluated in the
quantitatve human health sk ?gbessment The screening process permuts selecting chemuicals,
based on égncentraslup and tS?ic1w, that could contribute significantly to nisk and identities
chemiicals that can b;b ehminated from further consideration because they contribute
msxgmf;&;mlyxto overall risk The screen was performed for all inorganic constituents detected
above baékgrgﬁhd gpvfelgfand for all organic compounds detected at a frequency of 5 percent or
greater The édmgn}fgtlon/tom01ty screen process was explained 1n Section 24 In performing
the concentration/toxicity screens for organic compounds detected in groundwater, if both
inhalation and oral toxicity factors were available for organic compounds, the toxicity value that
resulted in the highest relative risk value was used For evaluation of metals and radionuchides

in groundwater, only oral toxicity factors were used
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Results of the screen for the No 1 Sandstone are shown in Tables 3-9 (Noncarcinogenic
Effects), 3-10 (Carcinogenic Effects), and 3-11 (Radionuclides) Results of the screen for the
UHSU are shown 1n Tables 3-12 (Noncarcinogenic Effects), 3-13 (Carcinogenic Effects), and
3-14 (Radionuclides)

With a few exceptions, the chemicals of concern identified byjhe;:oncentratxon /toxicity screens
are the same for both the No 1 Sandstone alone and the UHSU as a whole carbon
tetrachloride, trichloroethane, tetrachloroethene, l,l-q;éhlgrgéthene, chloroform, manganese,
and americium-241 The exceptions are that c1s-;>,’2-/d‘i2:hl%\3““ th and uranium 235 are
identified as additional chemicals of concern 1n the WHSU :li\ri\o(xm”‘the No 1 Sandstone
alone, and manganese, barium, methylene chlgr‘fdé, and plutonium 239240 are 1dentified as
additional chemicals of concern 1n the No 1 Sal}dstone The main reasons for the differences
are (1) the higher concentration of carbon tétrachlopde 1n the UHSU, which comprises a larger
fraction of the total risk factor and excllﬁgs”c%ﬁfituénts such as, manganese and methylene
chloride and (2) the inclusion of the uramur;l\nqto s 1n the concentration/toxicity screen for
the UHSU even though 1t 1s equivocal whether th}yﬂce background or not Therr inclusion
results 1n the exclusion of other rg%pwh as, Mnxum 239, 240, which constitutes an
msignificant fraction of overall risk cémpared to the-sranium 1sotopes (see Table 3-14) It 1s
recommended that the dmtrlbutlon‘@gt%&y gﬁm 1sotopes be evaluated further to asses
whether they are likely to be related \to Og-Z waste sources or not so that only site-related
compounds are 1dentified as chemicals oi%gdhgern for risk assessment

& B 5

&
e .
I 4 4
& e
A note on methylene chloride alttivugh methylene chloride 1s a common laboratory
contaminant, 1t w co“hqgg’;\ det 'In elevated concentrations near solvent sources areas
#
and was therefore retamed as%%potennal site-related chemical of concern for evaluation in the
concentratmnffo"ﬂéi‘!y%&g\rxéng DA,
M > %*“%\ /5‘&
yy MWW\\ £Y “

. 7 %
35 /EVALUATION OF INFREQUENTLY DETECTED COMPOUNDS
) \\ s g

As state:i“m §“ém%n 3,34, qémpounds detected at less than 5 percent frequency can usually be
eliminated froMgrt‘hegmnmderat:on because the potential for exposure 1s low However, these
compounds were further screened so as not to neglect infrequently detected compounds that
could contribute significantly to risk if the chemicals were detected in association with other
potentially hazardous compounds at source areas or at locations where exposures could occur
In this screen, maximum concentrations of infrequently detected compounds were compared to
risk-based screening values using the approach outlined 1n Section 2 5 and described 1n greater
detail in Appendix B Complete results of the evaluation are shown in Table B-6 The
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evaluations shows that the following two infrequently detected compounds have maximum
concentrations that exceed the screening values used 1n the analysis

1,2-dibromoethane

vinyl chloride ~
The compound 1,2-dibromoethane was detected 1n (;2/) ﬁ'f 170 groundwater samples at
concentrations of 18 pg/L (well 6691 in the 903 Pady g?qﬁ%‘%pg/L (well 7391, IHSS 109)
Well 6691 1s screened 1n the Rocky Flats alluvium, gn?&veﬂ %94 Mgeened in the colluvium
Both wells are in or near contaminant source areas where other ?Mggﬁ”t} have been detected
The samples with positive results were collected 1 May 1992 These wells were also sampled
in November 1992 (4th quarter) and 1,2-dibromioethane was not detected, although reporting
hmits were elevated, so the results are qoénﬁusxvg&«;,z-dlbromoethane 1s not characteristic of
groundwater contamination at OU-2 beémgc\usfsy’fnfrequemly detected However, 1t will be
evaluated 1n the risk assessment as a “specxaler“\chmlcal of concern

Vinyl chloride was detected at mately erce::\t\frequency of detection (10 samples out
of about 280) The highest concehtrations-(380 to 850’ ug/L) were detected in several samples
collected at well 3586 This well 1s féqat\ag’at tﬁmfﬂem boundary of OU-2 near the discharge
from the Protected Area and near a seep gﬁat 1s being investigated under a separate program
Vinyl chloride was r;g( %\d n Ol}ﬁg Qi.ipgradxent of this well Therefore, vinyl chloride
detected 1n this well 38" probably
detected in muc!ﬁo%gc/e

located with oth*é&% £

s 7
for OU-2 \“N\%
e
?&ﬂw ;%%\% M\N& bt;
3.6 »“smv OF CHEMICALS OF CONCERN IN GROUNDWATER

E4

H
i

Summary hsts of chemicals of concern 1dentified by the concentration/toxicity screens are shown
Y
in Tables'3-15 (No 1 Sandstone) and 3-16 (UHSU)

S
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TABLE 3-5
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
5% OR GREATER FREQUENCY
NO 1 SANDSTONE
Maximum Concentration ;E? Detection

Chenucal mg/L - Frequency %
* 1,1,1,2-tetrachloroethane 0 0026 o 5
1,1,1-tnchioroethane 013 PN . 40
* 1,1,2,2-tetrachloroethane 0 0024 NN
1,1-dichloroethane 0 0034 K 7 §
1,1-dichloroethene 0036 . 33
* 1,2-dichlorocthene 0054 39
* acctone 0lé6- - 9
* benzene 0001 N 6
bromodichloromethane 0.018. o 8
carbon tetrachlonde N N 59
chloroform 1T~ . 62
cis-1,2-dichloroethene 03 . . 52
methylene chloride (MNM“O“;MMW e 34
naphthalene > 10
* p-cymene X 7000076 6
* sec-butyl benzene N1 Y1) 3 5
tetrachloroethene v 81
toluene +0 0F3 10
trans-1,2-dichloroethene SN 00025 125
trichloroethene e f 9% 71
bis 2-cthylhexyl) phthalate’ . 0017 33
benzoic acid Lo S 0056 6
diethyl phthalate <. -~ 7 0 31 26
* di-n-butyl phthalate -~/ 0003 6

S ~ \\% <
* Detected at<5% frequéncy 1n the UHSU as a whole
S . M’k‘\ > e

* 3
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TABLE 3-6
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT 5%

OR GREATER FREQUENCY
UHSU GROUNDWATER
Maximum  » Detection

Chemical Concentration myf. Frequency %
1,1,1-tnchloroethane 054 < 24
1,1-dichloroethane 0.19 » %\\ 15
1,1-dichloroethene 026 N 23
1,2-dichloroethene “017 N L 32
bromodichloromethane S 002 7
carbon tetrachlonde 4 17 57
chloroform . 17 58
cis-1,2-dichloroethene , %l 4 46
methylene chlonde £ T B39 26
tetrachloroethene e 413 67
toluene i, ™001 9
trans-1,2-dichloroethene ™~ 003, 11
trichloroethene e, %\‘94“ s 62
bis(2-ethylhexyl)phthalate 5 ,MWMM 0017 38
diethylphthalate N m“ﬁ 31 20
naphthalene e S 009 13
heptachlor epoxide . 4 0 00007 *

/M N X
* Reported 1n 1 of Wm&lyzed s
2

4
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TABLE 3-7
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
LESS THAN 5% FREQUENCY
NO 1SANDSTONE

Maxlmum Conoentrauon o

Detect:on

mg/L g Frequency %

1,1,-dichloropropene 00016 PR 4
1,1,2-tnchloroethane 00006 .~ T N 3
1,2,3-trichlorobenzene 000003 ., SN
1,2 ,4-trichlorobenzene 00003 ™~ N 1
1,2-dichloroethane 0 QﬂO!f ‘ 3
1,3-dimethylbenzene 00092 1
4-methyl-2-pentanone : 0»’01 . 4
1,2,4-tnmethylbenzene Q%OOOI . %} 1
1,3,5-tnmethylbenzene @ 0566’9 f 1
bromochloromethane 4
carbon disulfide }\::\ 4
chlorobenzene 0 0l6 1
chloroethane N 1
chloromethane ”““"‘““«»»9 00029 "7 2
ais-1 3-dichloropropene ’x o 0,.4613w 1
dibromomethane A 065 1
dichlorodifluoromethane m X“x 0 00058 1
ethylbenzene A P &015 1
hexachlorobutadiene.” &” 0012 4
n-butyl benzene /o TT— 00013 4
styrene éfk o, TTmeeend 0014 3
total xylene L N 0053 3
trichlorofluromethane o 0 00057 1

Lo NN

f/)wm% “ %‘%

. ;
o, " g%\
RN e,
X . % e N . # jg
. s
M
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TABLE 3-8
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
LESS THAN 5% FREQUENCY
UHSU GROUNDWATER
Maximum Concentration Detection
Chemical mg/L Frequency %
1,1,1,2-tetrachlorocthane 0 003 s “ 3
1,1,2,2-tetrachloroethane 018 /. .. 3
1,1,2-tnichloroethane 002 / /o 2
1,1-dichloropropene 0002 ™ we Yl 2
1,2,3-trichlorobenzene 0 0003 L2
1,2,3-tnchloropropane 0 002 2
1,2,4-tnchlorobenzene 0{,;002 2
1,2-dibromoethane gOOl “ 1
1,2-dichlorobenzene 40 0001 <1
1,2-dichloroethane e, 00073 3
1,2-dichloropropane “0,02 <1
1,2-dimethylbenzene (0-xylene) 0 0(?02 3
1,3-dichlorobenzene  —— 0002 . ”’f" 2
1,3-dichloropropane - 3 ¢ 1
1,3-dimethylbenzene (m-xylene) T 0000 2
1,4-dichlorobenzene s 00003~ 1
2-hexanone AN 0 005 2
4-methyl-2-pentanone . 001 2
acetone TN * ~ 016 4
benzene TN /0 005 5
1,2,4-tnmethylbe J .. 00001 2
1,3,5-tnmethylbénzéne . | ; 0001 1
benzoicacid . S 7 T 0056 4
bromobenzene @"& Q 0 0003 1
bromoform S 0 006 1
chlorobcnm“\ NS 002 1
chlomemane N N 004 1
chioromethane v 0 005 1
eis-l;:Q-dnchloropropene 17 1
dibro: momethane E 17 2
dlchlorodlﬁﬁqomethﬁng 0 0006 1
ethylbenzéne 7 002 2
hexachlorobutadiene 00012 3
n-butylbenzene 0001 2
o-chlorotoluene 0003 005
p-chlorotoluene 0 0003 <1
(4034-263-727XRTT3-8 XLS)(/18/93 8 48 PM) Sheet 1 of 2
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I TABLE 3-8
(Concluded)
l Maximum ConoentraTlon Detection
mg/L Frequency %
p-Cymene 0 0008 P 4
1,2-dibromo-3-chloropropane 0 004 P 1
sec-butylbenzene 02 3
sec-dirchloropropane 001 “ 1
l styrene 001 « A 3
tert-butylbenzene 00004 -~ 1
vinyl chlonde 08 ° w3
. di-n-butylphthalate 0003 L4
| "
—— .
pyv s ?5« -
l ’ "“Ww%
. :9 f —— gf
" K “ ¥ i,
\ ) a5 f(f
' N
, e, . \\% ey
PP ot X S, o
' v
' ", “ Q“M%\x
%% P ;
| ;
' *;: ;w/\ (4034-263-7??)XR 7T3-8 XLS)7/18/93 8§ 48 PM)
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TABLE 3-9
ROCKY FLATS OU-2
NO. 1 SANDSTONE GROUNDWATER
NONCARCINOGENS - CON/TOX SCREEN
(Organics and Total Metﬁls)

TInhalation :
Chemical Value(ppm) RFD RFP ™. Factor Index Rank  Percent
carbon tetrachlonde (1) 45 n/a 7,90@134‘%6 3&@;3;\ 8 00E-01 1 800
tetrachloroethene (1) 13 na 4 00E-02 TI'30E 162E-01 2 96 2
chloroform (1) 11 na 1'60E-02 1 ldE*kQZ “~137E-02 3 975
methylene chlonde (2,1) 3  900E-01 »600E-02 500E+0 i 622E-03 4 98 2
manganese(3) 492 sn/g 100E-01 492E+01 612E-03 5 98 8
banum (2,1) 309 7 gla 700E-02 441E+01 549E03 6 993
cis-1,2-dichloroethene (2) 03 . n/a “LQOE-02 300E+01 373E03 7 997
1,2-dichloroethene (2) 0054 -, ‘m/af 900E-03 600E+00 747E-04 8 998
1,1-dichloroethene (1) 0036 N n/a +900E-03 400E+00 498E-04 10 999
acetone (1) 016 n7% MEQI 160E+00 199E-04 11 999
1,1,1-trichloroethane (2) 013 300E-01 \%;ﬁfgz 144E+00 180E-04 12 999
cyanide(1) 00365~ 2 2 133E+00 165E-04 13 999
trans-1,2-dichloroethene (1) 0028~ wA~32.00E-02 125E+00 156E-04 14 1000
naphthalene (2) 0@&4”‘z ’ ME—OZ 110E+00 137E-04 15 1000
bromodichloromethane (1) 0018 - na 200E-02 900E-01 112E-04 16 1000
bis(2-ethylhexyl)phthalate (1) 0017% ¢ mnfa 200E-02 850E-01 106E-04 17 1000
diethyl phthalate (1) T <, 031 “’*«% \ na 800E-01 388E-01 482E-05 18 1000
toluene (1) < o "%; 50013 I1JOE-01 200E-01 118E-01 147E05 19 1000
1,1,1,2-tetrachloroethane (1) "(4 F eng_ww “ n/a 300E-02 867E-02 108E-05 20 1000
1,1-dichloroethane (2,3) ¢ f S ~0.0034 ;4\40E-01 100E-01 340E-02 423E-06 21 1000
benzoic acid (1) e NG 4 0086 n/a 400E+00 140E-02 174E-06 22 1000
dn-n-butylphthalate \ & 0 003 n/a 100E+01 3 00E-04 3 73E08 23 100 0
- N
Sources* ’ ™
1=Ins // MW . E "
2=Heast 1992 v
3=Heast 1991 -,
RFDs are 1n itmis dtlng/kg-day«ané slope factors are 1n units of 1/(mg/kg-day)
~ e ;g
\“‘\\W/
¥ 2 (4034.263.0049-540) (RTT3.9 XLS) (V18193 9 41 PM) Sheet 1 of 1
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TABLE 3-10
ROCKY FLATS OU-2
NO. 1 SANDSTONE GROUNDWATER
CARCINOGENS - CON/TOX SCREEN
(Orgamics and Total Metals)

— o —— R — TR
Maximum Inhalation Oral ~ Risk Ruisk Cumulative
Chemucal Value(ppm) Slope Factor  Slope Factor*-._ Factor Index Rank  Percent
tnichloroethene (2) 94 5 95E-03 “1 JOE€92 1.03E+00 4 28E-01 1 428
tetrachloroethene (2) 13 1 80E-03 510E-02 “-. 6 63&-01 2 74E-01 2 703
carbon tetrachlonde (1) 45  S525E-02  “130E-01 S8SE-0r 242E01 3 945
chloroform (1) 11 S00E-02~ 610E-03 8§80E02 3 G4E-02 4 981
methylene chlonide (1) 3 1 60E-03 7 50E-03 2 25E-02 931E-03 5 990
1,1-dichloroethene (1) 0036 1 75E01 6 00E-01 2 16E-02 8 94E-03 6 999
bromodichloromethane (1) 0018 “n/a S ~.620E-02 112E-03 4 62E-04 7 1000
bis(2-ethylhexyl)phthalate (1) 0017 « ““aofa’ , 140E-02 238B-04 985E-05 8 1000
1,1,1,2-tetrachloroethane (1) 00026 2 66E-02 L2 60E-02 6 76E-05 2 80E-05 9 1000
benzene (2,1) 0001 290E-02. -290E-02 290E-05 1 20E-05 10 1000
™ 2 42E+00
7 MM‘M
Sources R T, .
1=Ins o Tl
2=Heast 1991 °
RFDs are 1n units of mg/kg-day and@slggg factors are.1n umts of 1/(mg/kg-day)
%
f*’”‘“
# ;
5 S e
# ) Ee— —— 5
- g
L«
R Y
“ N N% Mg
T w\’%
¥
N »
o,
(4034-263-0059 $40) (R7T3-10 XLS) (7/18/939 52 PM) Sheet 1 of 1
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TABLE 3-12
ROCKY FLATS OU-2
GROUNDWATER (UHSU)
NONCARCINOGENS - CON/TOX SCREEN
(Organics and Dissolved Metals)

Maximum  Inhalation / / Rusk Risk Cumulative
Chemucal Value(ppm) RFD RFDf %{actor Index Rank Percent
carbon tetrachlonide (1) 17 n/a 7 00E-34\, 2 ?35104 9 28E-01 1 928
tetrachloroethene (1) 14 n/a 00E-02 T*%Q%E 5 35E-02 2 98 2
chloroform (1) 17 n/a 100E-02 1 701?4-03 \“‘16 50E-03 3 989
cis-1,2-dichloroethene (2) 14 n/a, \“1 00E-02 1 40E+02™- 5 35E-03 4 99 4
methylene chlonde (2,1) 39 9 00E-Q1 6 00E-02 6 50E+01 2 49E-03 5 99 6
manganese (3) 39 Aa-  100E-01 3 90E+0]1 149E-03 6 99 8
1,1-dichloroethene (1) 026 ; SQ0E-03 289E+01 1 10E-03 7 999
barium (1) 068 ‘f “¢ 7 E-02 971E+00 3 71E-04 8 9299
1,1,1-tnichloroethane (2) 054 3 OOE E-0 6 00E+00 2 29E-04 9 1000
zinc (2) 076 &DQE 3 80E+00 1 45E-04 10 1000
naphthalene (2) 009 n/a WQOE%Z 2 25E+00 8 60E-05 11 1000
1,1-dichloroethane (2,3) 019 ““140E-0l  100B-01 190E+00 7 26E-05 12 100 0
trans-1,2-dichloroethene (1) Oh;} L, DA E-02 150E+00 5 73E-05 13 1000
bromodichloromethane (1) 0 02%q J na™-280E-02 100E+00 3 82E-05 14 1000
bis(2-ethylhexyl)phthalate (1) 0017 ¢ nfa 2 00E-02 8 SOE-01 3 25E-05 15 1000
diethyl phthalate (1) 031 = na 8 00E-01 3 88E-01 148E-05 16 1000
toluene (1) - MN) 01 110EQ1 200E-01 909E-02 348E-06 17 100 0
o 2 62E+04
Sources ¢ ’
1=Ins P
2=Heast 1992 S
3=Heast 1991
RFDs are 1n umits of m Man are 1n units of 1/(mg/kg-day)
LY %\N"
SN
AN - %v
R Sheet 1 of 1
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TABLE 3-13
ROCKY FLATS OU-2
GROUNDWATER (UHSU)
CARCINOGENS - CON/TOX SCREEN
(Organics and Dissolved Metals)\%

£
= T Maximum  Inhalation Ol Rusk Rusk Cumulative
Chemical Value(ppm) Slope Factor Slope Factor ,©  Pactor Index Rank Percent
trichloroethene (2) 9% 5 95E-02 110E:02, ™5 59B+00 636E-01 1 636
carbon tetrachlonde (1) 17 5 25E-02 1 30@-0( 2 JIE+00~.  251E-01 2 888
tetrachloroethene (2) 13 1 80E-03 5 10E-02 663E-Di, " 754E-02 3 96 3
1, 1-dichloroethene (1) 026 175E-01 6 00E-01 156E-01 ~ 178E-02 4 98 1
chloroform (1) 17 800E-02 < 6 10E-03 1 36E-01 155E-02 5 99 7
methylene chlonde (1) 39 160E-03 ~ 7 50E-03 2 93E-02 333E-03 6 100 0
bromodichloromethane (1) 002 na = 620802 1 24E-03 141E-04 7 1000
bis(2-ethylhexyl)phthalate (1) 0017 na T F40E-02 2 38E-04 271E05 8 1000
. 8 79E+00
S =
Sources — \ .
1=Ins M‘%MM e
2=Heast 1991 Q{;é q‘?’“% [

RFDs are 1n units of mg/kg - day and slope factors are &nmfﬁs l/ﬂg;ﬁg/kﬁ"-‘day)w/
%
R

T
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TABLE 3-14
ROCKY FLATS OU-2
GROUNDWATER (UHSU)
RADIONUCLIDES - CON/TOX SCREEN
(Dassolved)
v
e M
Inhalation Oral , Rusk Rusk Cumulative
Chemical Value(pCvL) Slope Factor  Slope Factor Factor Index Rank Percent
uranium-235 15 n/a 240E-07 - MQE-“GZ 9 77E-01 1 9717
americium-241(1) 213 n/a 2 40E<10 ~ 5 llE~Q9%« 1 39E-02 2 99 1
uranum-238 76 na  210E-1  160E-09“  #33E-03 3 995
urantum-233,234 43 n/a 300E-11 129E-09 ™3 50E-03 4 999
radium-226 282 n/a . 120E-10 3 38E-10 9 18E-04 5 999
plutonium-239/240(1) 08 na ¢ 230E-10 1 84E-10 4 99E-04 6 1000
strontiurn-89/90(1) 039 n/a 3 303“-“1@ 1 29E-11 3 49E-05 7 1000
v 3 69E-07
Sources N
1=Heast 1992 Oral Slope factors are mﬁ\:::mm per pC1
M - - %
N\““MWTMM -
2’“ %”‘“‘“m.,_
i, ) % {
. ),/ /M§ > ES }
/ T
b V\?%% d h
%, . N
T Ay
e “
¥ e
. T,
. s
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TABLE 3-16
ROCKY FLATS PLANT OU-2
CHEMICALS OF CONCERN

GROUNDWATER (UHSU)

Noncarcinogenic Effects Carcinogenic Effects ;‘/ ¢ Radionuchdes
cis-1,2-dichloroethene l,l-dlchloroctheqé% y R . americium 241
carbon tetrachlonde carbon tetracl}yléngéﬁ %\\M: . uranpium - 235
chloroform chlorofor?ﬁ“j T . M[mutomum 239/240]*
tetrachloroethene tetracl;lbroéthene ~ [radium 226]*
trwﬁ)lor{)ethcne

ﬂ%

i
* Probable chemicals of concern if urangg\m isotogéé gf% determined not to be site-related (see text)
}%% op §

y
~ sy
% #
™., ,
AN
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4.0
SUBSURFACE SOIL CHEMICALS OF CONCERN

41  DATA EVALUATION .

Chemucals of concern in subsurface soil were selected using’ the data set identified 1n Table 2-2
This includes borehole samples collected in 1987 byf ston. and m 1991-1992 by W-C
Borehole samples were analyzed for volatiles, semlvgfatfes, m&e%% and metals The data
recewved from RFEDs were reviewed and edited usm?ﬁle steps ana %&ké\r‘ia outlined 1n Section
21 to develop a data set for further evaluation f’

# #

The data set used to identify potential chemicals of concern for exposure to subsurface soils was
restricted to samples collected above the ﬁate“ﬁ»@ﬁie $0 as to avoid the possibility of collecting
sol samples that may be of cross-contamlnatw %nwater
'\

Several common laboratory contaiinnaats Mgwetectea\\n subsurface sod samples (bis(2-
ethylhexyl)phthalate, dl-n-butylph?halé?é*wmethyl?ﬁé"‘cﬂonde and acetone) were evaluated to
judge whether their occurrence may%e &&o erwi’fomammatlon from sampling or analytical
procedures If these compounds are Eound"/ in consistently low concentrations regardless of
sampling location, it 1s gmahat they‘*@re%pot related to waste sources :n OU-2 and can be
eliminated from furthéi{ cﬁ’rf;:akratnon as chenyicals of concern The purposes of this evaluation,
a criteria of 10 tnmgs the detet:txoﬁwit‘“was used as the value to screen out a compound as a

Bxs(2-ethylhexyl)phthalate and di-n-

phthala’teS‘ are detected below the detection limit of 330 pg/kg The data suggest that the
phthaia,tes wn OU-2 are not related to waste or contaminant disposal Bis (2-ethylhexyl)
phthalate Wa% E?Btectedfa hﬁgher concentration (12,000 pg/kg) in BH 3887 at a depth of about
20 feet NeverMes? t)ns compound 1s not considered to be an OU-2 contaminant of concern

\Vf’

Methylene Chloride  Methylene chloride was detected 1n subsurface sol samples
Concentrations range from the detection limit of 5 pg/kg up to 10 times the 5 pg/kg Only one
subsurface soil sample from source borehole BH 2587 shows a detected concentration of
50 ug/kg or 10 times the detection imit  Since the frequency of detection at concentrations

(4034 263-0049-540) (TM-9) (07/19/93 2.24pm) 4-1
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greater than 10 times the detection limit 1s low, methylene chloride 1s considered a laboratory
contaminant and not an OU-2 contammnant

Acetone Elevated concentrations of acetone were observed in six subsurface soil samples
collected from Trench T-3 (IHSS 110), Trench T-4 (IHSS 111 1), and Trench T-11 (IHSS 111 8)
i the Northeast Trenches Area The acetone analytical results in this area range from 68 to
26,000 pg/kg Of the six borehole samples, only boreholcé’ 10191 BH 4187, and BH 4287 had
concentrations of other VOCs 1dentified Acetone is not ﬁhamgterlstlc of soil contamination
1in OU-2, but may be retained as a "special case” che:gica,l of cohcgkm‘thhe northeast Trenches

Area S
{"%\c \%‘m &

P N
Historical information indicates that acetongstﬂ bottoms were located in the 903 Pad Area
However, analytical results for acetone in samples taken from this area show concentrations at

less than 50 pg/kg AN

&
SN
Acetone was detected above the criteria of 10 tlmemhe ‘detection limit 1n numerous subsurface
soil samples 1n the Mound Area HoMese samples«dld not have detected concentrations

of other VOC:s, and, therefore, aégto&émmxm&m be a laboratory contaminant in these

s R #
samples S ;-
% Ay »
EN #
%

42 BACKGROUNWRISONWOK INORGANIC COMPOUNDS

‘ e
Tables 4-1 and 4.2 summgsnze “thé“results of comparing concentrations of metals and
radionuchdes 1n bsgehblqua es to ﬁ“é“kground levels Metals and radionuchdes that did not
exceed background le%ls s werg, eliminated from further consideration as potential chemucals of

concern grour d%@%on process 1s described in Appendix A

NOTE: An error has beén noted in some reported analyses in the electronic data file for the
backgmu?m metals data; fmm the Background Geochemical Characterization Report that is
likely to “hﬂ'ec?‘the n;sults of the background comparison. The error is being corrected and
new results wﬂN;e pi'esénted in the revised draft of this document. The chemicals of concern
presented in this secﬁon are therefore preliminary.

43 FREQUENCY OF DETECTION

Compounds detected at a frequency of 5 percent or greater (excepting the laboratory
contaminant ehminated above) were considered potential chemicals of concern and are listed

(4034-263-0049-540) (TM-9) (07/19/93 2.46pm) 4-2 |
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in Table 4-3 Except for the probable laboratory contaminants identified in Section 4 1, these
compounds are included 1n the concentration/toxicity screens that accompany this section

Compounds detected 1n subsurface soils at less than 5 percent frequency are listed in Table 4-4
The potential for exposure to infrequently detected compounds 1s low  Nevertheless,
concentrations of infrequently detected organic compounds were‘further evaluated as described
1n Section 4 5 to identify those that could contribute sngn;ﬁcamly to risk if the chemicals were
associated with elevated concentrations of several chem1c§1§ oﬁ@\gcem at exposure areas
M,
\J AN
4.4 CONCENTRATION/TOXICITY SCREENS M e

By

¥

Concentration/toxicity screens were used tgﬁd}gﬁtlfy chemaicals, based on concentration and
toxicity, that could contribute sngmflcantly”t?/nsk And to ehmmate chemicals from further
consideration that contribute msignificanitly Mwﬁ fThe screen was performed on chemicals
detected above background and at a frequenoy_of S, percent or greater The concentration/
toxicity screen process was explamed i Section 2 5 “Reshits of the screen for borehole data are
shown n Tables 4-5 (Noncaréinogenic.. Effects), 46 (Carcinogenic Effects), and 4-7
(Radionuchides) Note the con/mx Mmay réqure revision following the corrections to
the background data comparison <. . ¢ T

45  EVALUATION QF‘TN’P‘REQUEN@LY%DETECTED COMPOUNDS

&
/fy @ c e é

S
Compounds detected;at less thMent frequency may be eliminated from further
consideration i
further screened so akmot tﬁneglect infrequently detected compounds that could contribute
significantly 40°T ”ﬁ?%@e %m?aa}s were associated with elevated concentrations of several
chemlcals ap’éwx‘;;:sreﬁréas In‘this screen, maximum concentrations of infrequently detected
compoﬁnd’s were comphréd to risk-based screening values using the approach outlined 1n

Section Zand descrlbgd 1n greater detail in Appendix B

Ed

Results of the%ompa;;son are shown in Table 5, B-7 and B-8 No infrequently detected
compounds 1n subsiirface soils were present at concentrations greater than the screening values
used 1n the analysis Therefore, no "special case” chemicals of concern are identified for
subsurface soils, except acetone in the northeast Trenches Area (see Section 4 1)

(4034-263-0049 540) (TM-9) (07/19/93 2:27pm) 4-3
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4.6 SUMMARY OF CHEMICALS OF CONCERN IN SUBSURFACE SOIL

Chemicals of concern 1n subsurface soul identified by the approach described above are histed
mn Table 4-8 These are arsenic, tetrachloroethene, uranium-238, americium 241, and
plutonium 239/240

(4034-263-0049-540) (TM-9) (07/19/93 2.47pm) 4-4
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TABLE 4-3
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
5% or GREATER FREQUENCY
SUBSURFACE SOIL

Maximum “ Detection Frequency
Concentration, mg/kg - %
*Acetone 26 e 34
*Methylene chloride 037 . %33\
1,2-Dichloroethane 0120-"~ KME
2-Butanone 0.15 7
1,1,1-Trichloroethane v 13 N
Trichloroethene &jZ(’) y 53
Toluene 1 ™ 34
- N
Tetrachloroethene P 13000 o /7 11
- MM
Total xylenes OM 5
SN
*Bis(2-ethylhexyl)phthalate . 127 47
N-Nitrosodiphenylamine ) \ Q 37 18
*Di-n-butyl phthalatgf - 10

i

14

3

e
H
'

{
3
H

«F

* Probable lgﬁorhto Jy f%TH“““Gm;mmant (see text) However, acetone at the NE

Trenches @rem@ay site-Fefated
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TABLE 4-4
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
LESS THAN 5% FREQUENCY
SUBSURFACE SOIL

Maximum Concentration “Detection Frequency

mg/kg %
1,1,2-Trichloroethane 0027 x:‘*» . 07
1,1-Dichloroethane 0 008;;W ’ ., ) .03
1,2-Dichloroethane 0,69 N \\\‘2%
2-Chloroethylvinylether 0031 07
Benzene 7 ooz 03
Bromomethane ’ ~0 QOG@; 03
Carbon tetrachlonde . 140 4
Chloroethane %(K;OSQ:\\ . 03
Chloroform R 88 Mk\m‘f 3
Cis-1,3-dichloropropene’., ™.~ 0 - 03
Ethylbenzene % " }W£ 1
Styrene ) > W 017 03
Aroclor-l@fi ) N \\ 89 2
44-DDT 7 — <014 035
Pentachlorophenol ~____, 0095 07
1,4-Di‘ch§buﬁ'zg”é 0043 04
Puecangpent, ™, 10 18
Pyrenie—, °. o 13 22
Di-n-octyl phthalate 0.26 04
. ‘\ﬁ%Phenanthrené = 27 18
2-Methylnaphthalene 81 1
Xb&gzﬁhfhgpe 028 07
Benzo(it)pyrene 048 07
Chrysene 042 07
Naphthalene 20 07
Benzoic Acd 04 04
.
ﬁ:\g (4034 263-0045 S40)(RTT 4-4)((07 19-93)(12-28pm) Sheet 1 of 1
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TABLE 4-5

ROCKY FLATS 0OU-2
SUBSURFACE SOIL
NONCARCINOGENS - CON/TOX SCREEN

(Organics and Metals) - 5

Maximum  Inhalation Oral , Rk ™. Rusk
Chemical Value (ppm) RFD RFD . Eactor. > Index Rank Percent
tetrachloroethene(1) 13000 na  100E-0%_,130E+06~. 943E-01 1 913
arsenic(l) 37 na 300E-04 123E+05 “8.66Ex02 2 100 0
1,1,1-tnichlorethane(2) 13 300E-01 900E-02 144E+02 10IE-04 3 1000
toluene(1) 11  110E-01 200E01 100E+01  702E-06 4 1000
2-butanone(1) 015 300E-01 ®6O00E-01 500E-01 3 S51E-07 5 1000
total xylenes (1) 023 n/a - 200E+Q6™. 11SE-01 8 0SE-08 6 100 0
L7 1 42E+06
.
Sources M
(D) Ins . N%:N
(2) Heast 1992 o w

N Bt
Toxicity factors are 1n umts of mg/kg-day (RFDs) a?)g% 1/¢mg/kg-day) (slope factors)

e A

3 o o (4034:263-0049-540) (RTT4-5.XLS) (7/19/93 12 16 PM) Sheet 1 of 1
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TABLE 4-6

ROCKY FLATS OU-2
SUBSURFACE SOIL
CARCINOGENS - CON/TOX SCREEN

(Organics and Metals) /

Maximum Inhalation Oral M!f Risk Cumulative
Chemcal Value(ppm)  Slope Factor  Slope Factof %”'Fac Index Rank Percent
tetrachloroethene(2) 13000 1 80E-03 5 KE-02 M 5 44E-01 1 544
arsenic(1) 37 1 S0E+01 A 7SEH00 S SSE+O: 4 55E-01 2 999
trichloroethene(2) 120 59SE-03 < FI0E-02  132E+00 1 08E-03 3 1000
1,2-dichloroethane (1) 012 910E02 ~ * 9 10E-02 1 09E-02 8 96E-06 4 1000
N-mitrosodiphenylamune(1) 037 waE  490E-03 1 81E-03 1 49E-06 5 1000

o SN 1 22E+03

Sources . o,
a,,
l (1) Ins N \%
2) Heast 1991 “‘*;»
( ) MM \*’w

/;

Toxucity factors are 1n units of mg/kg-day (RFDs) and 1/(mg/kgeday) (;;;e%ﬁtbrs)

e
' o 034263-0049-540) (RTT4-6 XLS) (/1993 12 18 PM) Sheet 1 of 1
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TABLE 4-7

ROCKY FLATS OU-2
SUBSURFACE SOIL
RADIONUCLIDES - CON/TOX SCREEN

Maximum Inhalation Oral gkxsk Rusk Cumulative
Chemucal Value(pCv/g)  Slope Factor _ Slope Factor _ ~ Fgctoi‘\% Index Rank Percent
uranium-238 (1) 113 2 40E-08 1 60E-11/ éﬂﬁ\-ge “ . 4 19E-01 1 419
plutonium-239/240(1) 68 3 80E-08 2 30E-ﬂ\ ¢ 258E %913-01 2 818
americlum-241(1) 25 3 20E-08 2 40E-10 8 00E-07 NJ\ZB“E-OI 3 941
plutomum-239(1) 10 3 80E-08 2 }f)E}lo 3 80E-07 5 §7E-02 4 100 0
radium-228 (1) 26 6 60E-10 g | O?ﬁ -10 1 72E-09 2 65E-04 5 1000
tritum (1) (pCr/L) 1500 7 80E-14 540E-14 1 17E-10 1 81E-05 6 1000
cestum-137(1) 24 1 90E-11 2 80E7f I~ 672E-11 1 04E-05 7 1000
N ys 8 1000
. 6 48E-06
Sources N “
,
(1) Heast 1992 P \f,
f e,
Slope factors are 1n umts of 1/pCi T S
k . # /w% “
5, o
& Y%
\\Q W s '
%ﬁ%“ 4
:;j; “ (4034-263-0049-540) (RTT4-7.XLS) (7/19/93 12 19 PM) Sheet 1 of 1
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TABLE 4-8
ROCKY FLATS PLANT OU-2
CHEMICALS OF CONCERN

Noncarcmnogenic Effects

SUBSURFACE SOIL

Carcinogenic Effects Radionuclides

arsenic

tetrachloroethene

americium 241
- plutonium 239/240

arsenic ¢

tetrachloroethene

- (4034-263-0049-540(R 7T 4-8)(07 18-93)(6:51pm)
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5.0
SURFACE SOIL PRELIMINARY CHEMICALS OF CONCERN

S1 DATA EVALUATION

<

A

Chemucals of concern mn surface soil were selected using the/data set 1dentified in Table 2-2
This includes surface soil samples collected 1n 1991 by,S/tgllg;‘\( adionuclides) and 1n 1993 by
Woodward-Clyde Surface soil samples were analyzed‘ qu semNogt , pesticides, metals, and
radionuchides Not all analytical results for surface soﬂ% have been%genv%d All data received
as of June 6, 1993, 1s included 1n this evaluatxon/ As of June 1993, apernmately the following
amount of 1993 surface soil data has been réceWed semvolatile organics (100%), pesticides
(100%), metals (18%) and radionuchides (50%) Surgsgg soil chemicals of concern are 1dentified
on a preliminary basis until all the data lﬁs B‘mnﬂégenved and evaluated

.

w T

Several organic compounds detected 1n surface soﬂ% (benzoic acid, polycyclic aromatic

hydrocarbons (PAHs), PCBs, and.ﬂe were evaluated to judge whether their occurrence
1s likely to be due to waste dxsposal m;es mn 2 or not This evaluation 1s described

A I
below WOt i

o,

Benzoic ac1ﬁ was detgﬁted in miiost-surface soil samples obtamed within OU-2 Benzoic

acid conc&ntra“hogy/éw" all estlmii’g ed below the CRDL of 1,600 mg/kg Benzoic acid

results range from 0@51 to 007 mg/kg and are evenly distributed across OU-2

Thg;@WMd Is-not considered as a waste-related contaminant to OU-2

. P \\2 N G

+ Ralls
Pymge “ﬂuoramfhene benzo(a)pyrene, benzo(b)fluoranthene, benzo(a)anthracene and
other M{s were detected 1n surface sol samples obtained within OU-2 These
semlvolatdwre typical hydrocarbon combustion by-products from vehicular traffic
PAHs were detected 1n surface soil samples collected around the Pallet Burn Site
(IHSS 154), at estimated concentrations ranging from 38 to 200 ug/kg The
concentration of these PAHs load similar to other PAHs observed across OU-2, which
ranged from approximately 47 to 390 pg/kg The PAHs detected around THSS 154 are
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likely due to vehicular traffic and are not due to waste-related contammnants Therefore,
these SVOCs are not considered to be waste-related contaminants in QU-2

PCBs

“~
The PCBs Aroclor-1254 and Aroclor-1260 were detected jn surface soil samples obtained
from Trench T-1 (IHSS 108) and the Mound Site (‘fHSS 113) It 1s believed that these
PCBs are localized contaminants related to thg"i\@n\g;n“dn@rea They are evaluated mn
Appendix B by comparing maximum g@g&ﬁtrathqxnsk-based screening
concentrations ey
kN <

N
»

delta-BHC

. FEN

y g
The msecticide delta-BHC was “detecied iy one of 52 surface sol samples It’s
occurrence 1s probably due to mamt:ﬁa.pce’ erations It 1s not considered an OU-2

N t e o —ny
at Y %%
%, > #

Bis(2-ethythexyl)phthalate was detectéd in 9 of 40 surface soil samples widely distributed

across OU-2 Q&'féﬁéﬁ‘mgtlons rag_\ge@éfrom 49 to 510 pg/kg In most cases, bis(2-

ethylhexyl) phxﬁgﬁi? was:detected below the detection it of 330 pg/kg The data

suggest tha;fble-eth)‘fhe;?ﬁp“ﬁ!hapte in OU-2 1s not related to waste or contaminant
f < # g #

disposal u‘mQjJ S

’ ;
“The pesticide 4,4-DDT was detected 1n one of 52 surface soil samples at a concentration
gf 26,pg/kg This low concentration 1s probably residue from former pest management
actw;tféw the’plant or nearby It 1s not considered an OU-2 contaminant
‘\W%% e e f

S
&
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52 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS

Tables 5-1 and 5-2 summarize the results of comparing concentrations of metals and
radionuclides 1n surface samples to background levels Metals and radionuchdes that did not
exceed background levels were eliminated from further consideration as potential chemicals of
concern The background comparison process 1s described in Appendix A Thalllum appears
to exceed background levels by the ANOVA test o

S

L

Thallium 1s not considered an OU-2 contaminant beca‘hse it waS«Qeteb(%d in only 2 or 9 samples

at low concentrations (0 5 mg/kg) N

e Py 5

- 4

The radionuchides americtum-241, plutonnum-&%ﬂo, and radium-226 are retained for further
evaluation as possible OU-2 contaminants - "

53 FREQUENCY OF DETECTION ’

Organic compounds detected at a“
chemicals of concern These d in Table 5-3 None of the organic
compounds detected at 5% or grealgr ?{egueﬁcy are llkely to be related to waste sources in
OU-2, as described 1n Section 5 1 N

- \

Compounds detectedz;*i;n 5urface soils at less»%&han 5 percent frequency are listed 1n Table 5-4
The potential for. e)g){)sure to 1ET?Ethy detected compounds 1s low  Nevertheless,
concentrations of@CﬁN@te irther evaluated as described n Section 55 Other compounds
detected at <5% fre&hegcy ﬁge not considered site-related

T
54 com%mlv/'r&ﬁaw SCREENS
No site-related organic compounds or metals were 1dentified 1n surface sous using the available
data set, with th&excepﬁoﬁ of the infrequently detected PCBs that are evaluated in Section 5 5
Therefore, a Sbngeﬁfraﬁon/toxxcxty screen was performed only for radionuchdes of potential
concern The concemratlon/ toxicity screen process was explained 1n Section 24 Results of the
screen for radionuchdes 1n surface soil are shown 1n Tables 5-5 Plutonium-239/240 contributes
over 99 percent of the total risk factor Americium-241 will be retained for evaluation 1n the
risk assessment even though 1t contributes only a small fraction of the total risk factor
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55 EVALUATION OF INFREQUENTLY DETECTED COMPOUNDS

Compounds detected at less than 5 percent frequency may be eliminated from further
consideration because the potential for exposure 1s low However, the PCBs detected 1n surface
soils were further screened to assess the need to evaluate them as "special case” chemicals of
concern In this screen, maximum concentrations were compa“;ed to risk-based screening values
using the approach outlined in Section 2 5 and described in greater detail in Appendix B
Y %\“x\

Results of the comparison are shown in Table B-8 The PCBs fﬁ%»sy&'acg solls were not present
at concentrations greater than the screening valuegkanéf therefore, tl?‘é)gdg t warrant inclusion

1n the risk assessment ,

-

o
LN

&
5.6 SUMMARY OF PRELIMINARY CHEMICALS.OF CONCERN IN SUBSURFACE SOIL
C\\ ’ < é s ’

Preliminary site-related chemicals of concernhyt‘fage sois 1n OU-2 are plutonium-239/249
and americium 241 The selection of chemucals ofeoncaen will be verified upon receipt and
evaluation of the complete analygicamﬁuk&.fpr OU-2 stirface soils
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TABLE 5-3
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
5% OR GREATER FREQUENCY
SURFACE SOIL
Maximum Concentration Detection Frequency
mg/kg . %
Benzo(a)anthracene 0160 N N . 17
Benzo(a)pyrene 0160 < 7 S 17
Benzo(b)fluoranthene 0;4? R
Benzoic acid 04 88
Bis(2-ethylhexyl) phthalate A5 A 21
Chrysene “@\‘3%:0‘*2/ 23
Fluoranthene 039 \\“’% 38
Phenanthrene ;; T 023 25
Pyrene o e 035 46
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TABLE 5-4
ROCKY FLATS PLANT OU-2
ORGANIC COMPOUNDS DETECTED AT
LESS THAN 5% FREQUENCY
SURFACE SOIL

Detection Frequency

Maximum Concentrat}on .,

ek AR AR v B 40 i

mg/kg N %
Benzo(g,h,1)perylene 0061 ‘. ~ 4
Benzo(k)fluoranthene 0076 ) %\j’} 4
Di-n-butyl phthalate 10 ‘ 2

&
Indeno(1,2,3-cd) perylene -+ 083 4
4,4-DDT 0267 2
Aroclor-1254 097 4
Aroclor-1260 — 066 \N%:?N )
delta-BHC “‘“"‘Wz;mw% 2
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TABLE 5-5

ROCKY FLATS OU-2
SURFACE SOIL
RADIONUCLIDES - CON/TOX SCREEN

Cumulatlve 7

Chemucal Value(pCyi/g) Slope Factor _ Slope Factor * ' ZFactor Index Rank Percent
plutonium-239/240(1) 11000 3 80E-08 230B<10 4.]8E-04 9 92E-01 1 99 2
americium-241(1) 110 3 20E-08 2 46E-}0 ™3 SiBwOG 8 35E-03 2 1000
radium-226 (1) 118 3 00E-09 I‘QOE"IO 3 54E-0 40E-05 3 1000
~ 4 22E
F e b3

Sources. ;e
(1) Heast 1992
Slope factors are tn units of 1/pCy N

s y §§ i%
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TABLE $-6
ROCKY FLATS PLANT OU-2
CHEMICALS OF CONCERN
SURFACE SOIL

__Radionuchdes

éf ey

Plutonum 239/240

Amencium 241

EES

-
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APPENDIX A
BACKGROUND COMPARISON
FOR METALS AND RADIONUCLIDES

A~
Concentrations of metals and radionuclides detected 1n sod and groundwater in OU-2 were

compared to background concentrations reported m the Background Geochemical
Characterization Report (EG&G 1992) to help dlstlngtugb inorganic compounds that are
naturally-occurring within background range from compounds™that occur in elevated
concentrations due to chemical releases in OU-2 xﬁi\e procedures ‘agplibd in the background
comparison are shown in the flow chart in Flgute A-1 Each step 1s br%ﬂy described below

Step 1 - Categorize OU-2 Samples and Bagkgfoundw%ata

Background data and OU-2 samples were claé&fled%y hthologlc unit (for groundwater) and by

surface vs subsurface soil . - ‘*\
g%ww \%& ¢
i
Step 2 - Comparison to Backgrouﬂd 'El‘)‘l‘efancem
e,
e S

OU-2 data were compared to the 95% gppex tolerance limit (UTL) of the background results
If more than 5% of ;M&Eﬁ%xceede&th& UTL, the compound was retained for further
evaluation If 5% or esﬁfa?% he data exceedgﬂ the UTL, the compound can be considered to
be within background" range, al%“@tr*further analysis by ANOVA may be performed
Tolerance limits deﬁné%mngé that contains at least P% of a population with p% probabulity
(level of confidenceM pﬁ:gbabxhty 1s associated with the tolerance hmits since they are
estimated Wsef‘md therefore have some level of uncertainty associated with them
For the ;eieMo“be u;é“ftﬂ mn decision making, both "p" and "P” are chosen to be large,
mn thls,:éasé p=095 and P=95% A one-sided tolerance 1s appropriate for analytes for which
mcrease ow,g background are indicative of potential contamination If less than 5% of the non-
backgroun‘d re§‘ults fopf a given analyte exceed the upper 95% tolerance imit (UTL) of the
background ré\s\lys X’“‘theﬁ the non-background and background populations were considered
equivalent Conseqﬁe%tly, these analytes can be deleted from the list of potential contaminants
based on background comparison If greater than 5% of the non-background results exceed the
background UTL, Step 3 1s performed The comparison to UTL was performed using the
detection imit as the concentration for non-detections

(4034-263-0049-540) (Apx.A) (07/19/93 10.53am) A-1
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Step 3 - Percentage of Non-Detections

Are there more than 50% non-detections in the grouped background and non-background
observations? If so, the Wilcoxon Rank Sum test 1s an appropriate analysis

Step 4 - Wilcoxon Sum Rank Test :

The Wilcoxon Rank Sum test may be used if there areﬂnq:e Mn 50% non-detections in the
grouped background and non-background data In thé bACkgr d bqg:parlson performed for
this technical memorandum, all data were evaluate&*bsmg nonparametiic ANOVA (Steps 5
through 8) ANOVA requires at least three ogseryhtlons from the non%ackground area

Step 5 - Distribution of Data

", «f
Were the data normally distributed? In uiing\AN\OVA it 1S necessary to identify sample
distributions (Step S) and equality of variances (S\R6Mdetermme whether non-parametric

(Step 7) or parametric (Step 8) ANGVA mthods §haﬁld be used Non-detections were
included using a value equal to om-hWe limat

Normality of the raw data was evaluated byébxammmg the results of the Shapiro-Wilk test or
the Lilhfors variation omfﬁ%lmogov-&n%gnoff test If the data was normally distributed,
Step 6 was performedfneXt it thp data wa%@t normally distributed, 1t was determined if the
degree of non-non;g‘iayfy wag’ sufficie €fit-to invahidate the parametric ANOVA test If the
departure from ﬁqm‘%l;gyfwaﬁw;ﬁmﬁal and if data transformations could not achieve
normality, then non-p%mme c statistical methods (Step 7) were used for evaluating the data
Variance 18 MOf n of a set of observations around the mean of a random
variable 4f e varf‘hce&of theWackground and non-background populations are equal, and
the data are normally dlStributed (Step 5), then parametric one-way ANOVA tests are used

s
oy *,

.
With one éxcep“hon data for metals or radionuclides were not normally distributed Therefore,
Step 6 was geri“sraﬂ?’“ ndt performed and the data were evaluated by Step 7, non-parametric
ANOVA v
Step 6 - Equality of Variance

Are the variances of the background and the non-background data equal? (This step only
applies to normally distributed data)
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Step 7 - Non-parametric Test

If data are not normally distributed or the variances are not equal, the Kruskal-Wallis non-
parametric test 1s used A non-parametric ANOVA, such as the Kruskal-Wallis test, evaluates
differences in the mean rankings of the data (rather than the raw data or transformations of the
raw data) Parametric ANOVA was used if both background and non-background data were
normally distributed, and the variances are equal :

Step 8 - Parametric Test < N N

If the data are normally distributed and the varianees are equal, then a parametric test 1s used

(used 1n one case) P
s #o

The tables on the following pages present“the rb&uﬁs of the background comparisons for metals

and radionuclides 1n groundwater, subsurface Sml, ahd@urface soll Explanatory notes precede

the tables ~ L .

/ M‘M‘M R
Table A-1 95% UTL Compamomlved Is 1n Groundwater
Table A-2 95% UTL Comparnson J oial, Metals in Groundwater (No 1 Sandstone only)
Table A-3 95% UTL Comparnson :[‘ota‘f Radionuclides in Groundwater (No 1 Sandstone)
Table A-4 95% U'EEMCompanson Enssalved Radionuclides in Groundwater (UHSU)
Table A-5 95% m Companson Méuﬂs in Subsurface Soil
Table A-6 95% UTL Comparison Radionuchides in Subsurface Soil
Table A-7 95% Méoﬁparnson "Metals 1n Surface Soil
Table A-8 95% Companison Radionuchides 1n Surface Soil
Table A9 m Co ax%n Total Metals in Groundwater (No 1 Sandstone)
Table A-10 ANOV@ Compa’ﬁson Dissolved Metals in Groundwater (UHSU)
Table A-11 ANOVA .Comparison Total Radionuclides in Groundwater (No 1 Sandstone)
Table A-12 Backgrounci Companison Dissolved Radionuclides in Groundwater
Table A-13" Backgrbuad Comparison Metals in Subsurface Soil
Table A- 14\Backgromnd Comparison Radionuchdes in Subsurface Soil
Table A-15 Background Comparison Metals 1n Surface Soil
Table A-16 Background Comparison Radionuchdes in Surface Soil
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EXPLANATORY NOTES
BACKGROUND COMPARISON AND 95% UTL TABLES
ROCKY FLATS OU-2

o

Groundwater Background comparisons for metals and radignuclides in groundwater were done
two ways (1) No 1 Sandstone separately and (2) an agg‘egate of the No 1 Sandstone, Rocky
Flats Alluvium, Colluvium, and Valley Fill (Upper Hydms;t»qnghghlc Unit or UHSU) The No
1 Sandstone 1s the only hthologic unit that can posablyﬁuppom wa&er supply well Yields in
other units are seasonal and so low that supply %%uld be depleted ’mthi\i'@z days under a typical
domestic pumping scenario Therefore, the N6 }'Sandstone 1s the appropriate lithologic unit
to evaluate 1n selecting chemicals of concergéfor; hypothetical on-site residential groundwater
exposure scenario (Total metals and rad}onuéhdemre included 1n this scenario ) Combined
data from UHSU were used to 1dentify “m\:ﬂs\xnd;radlonuchdes for further consideration in
selecting chemicals of concern for fate an“&tra“hsgﬁgrt modeling  (Dissolved metals and
radionuchdes were included in this scenario ) \%% .

M -

T

There were no background daté availabte, for raﬁ@nuchdes for groundwater in the No 1
Sandstone Therefore, combmed data froin the alluvnum and colluvium were used to establish
background levels of radmnuchdes fo%orgparxson to OU-2 data
7~ , -

Subsurface Soil O’U ; subsurfamoﬂ dam ‘used m the background comparison were from
borehole samples@%o]fected dbove the
not included m”‘“the%ganson because of the potential for cross-contamination from
groundwater wigmghls Waxl %’axa& :rom subsurface soill samples are independent of groundwater

S o

contammams p— N

e,

»
. M
\

Surface Sgg OuU-2 surface sol data used 1n the comparison to background included all data
submitted m%\\zoodwayd-(’:lyde by June 6, 1993

"
e

Comparison to-Background U OU-2 data were compared to the 95% UTL of the
background data If no more than 5 percent of OU-2 results for a given analyte exceeded the
95th percent UTL of the background data, the analyte can be considered to be within
background range Additional evaluation by ANOVA may be performed

(4034-263-0049-540) (ApX.A) (07/19/93 12.26pm) A-4
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ANOVA Comparison Tables "Consider Further” The last column of each ANOVA
Comparison Table contains a yes (Y) or no (N) to indicate whether the metal or radionuchide
will be considered further 1n selection of contaminants of concern A "yes" means that the metal
or radionuclide appeared to exceed background levels based on the ANOVA analysis (or that
there were no site-specific background data available for comparison) OU-2 data were also
evaluated by comparing to the 95% UTL of the background data (see above) Final selection
of chemicals of concern was made following further eval}aatwn of the data (e g, frequency of
detection, concentration/toxicity screens, and spatial dstr;hutxdn\

I’

By
i ¢ N -

Use of Non-detect Values in Calculations For metaf;, the UTL 3’“ %a%hson was performed
using the detection ltmut as the concentration for n%n-detectxons, the ANOVA was performed
using one-half the detection imut for non-detections For radionuchdes, non-detections and
negative results were not included in the gal(iulatlog%
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COMPARE TO BACKGROUND
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CONCLUSIONS
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KRUSKAL-WALLIS
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PARAMETRIC ONE—WAY
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CONCLUSIONS

US DEPARTMENT OF ENERGY
Rocky Flats Plant, Golden, Colorodo

OPERABLE UNIT NO 2
PHASE 1l RFI/RI REPORT

SELECTION OF STATISTICAL METHOD
FOR COMPARISON OF BACKGROUND
AND NONBACKGROUND POPULATIONS
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TABLE A-1

ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
TOTAL METALS IN GROUNDWATER, pg/L
NO 1 SANDSTONE

et
~

OU-2 Detected Bknd Background % of OU-2 data
Analyte Min Max DF % Max 95% UTL(1) > 95% UTL (2)
Aluminum 870 128000 100 7000 . .83%6. 7
Antimony 10 297 20 1610”/;;» 1 0
Arsenic 1 77 7 8 %:’””5 4
Barium 99 3090 100 ,"1810 1451 7
Beryllium 1 19 63 160 126 0
Cadmmum 1 11 36 1720-. 1356 0
Cestum 30 80 9 < 500/ 408 2
Chromuum 4 209 75 N15%0, 1255 0
Cobalt 3 99 68 1630 v 1278 0
Copper 4 206 83 1750 ™. 1382 0
Cyamde 1 27 . e TR 5 21
Lead 1 171 99 ~ 15t 14 53
Lithium 4 84 %23“ S 100 11 0
Manganese 9 100 % 710 601 31
Mercury 025.” ;?;é% 15Y % . 02 15
Molybdenum 30/ 26 .49 1600 1263 0
Nickel ' . fdswwm@sf 1660 1311 0
Selemum LN %46 50 2 3 18
Silver 2 NS 13 300 237 0
Strontium , M;:ZE\ 133 99 1110 1114 25
Thallum 1 15 2 2 5
Tin 4 87 21 100 92 1
Vana"am;n\“m 7 345 100 1670 1318 0
Zine oo .14 7 839 98 1800 1442 0
. £

(1) Background Geochiemical Characterization Report, Rocky Flats Plant, EG&G, 1992

(2) UTL comparnison 1s performed using the detection limut for results reported as non-detect
Therefore, the maximum detected value 1n OU-2 can be below the 95% UTL of background even
though the UTL companson shows that a certain percentage of OU-2 data exceeds the 95% UTL

of background
DF = Detection frequency

(4034-263-72?(R7TA 1 XLSX7/18/93 327 PM)
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TABLE A-2
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
TOTAL RADIONUCLIDES IN GROUNDWATER, pCvL
NO 1 SANDSTONE

JN N &a AN /2N EE N

OU-2 Detected . Bknd  Bknd95% % of OU-2 data

Analyte Min Max DF  ,  Max UTL (1) >95% UTL
Amencium-241 0001 109 86102, . Q041 _ 0053 7
Cesum-137(2) 005 166 a9/9%. ~  13%_ . 1®2 0

| Plutonium-239/240 0 0006 502 1004106 0,2 - 0036 20
Strontium-89/90 039 039 14 - NE .
Trtum ND . 016 555 6915 0
Uranium-233/234 37 82 ; SR 164 1654 0 |
Uranium-235 006 028 \w:; 4 629 102 0
Uranium-238 2 64 - 4/& 108 105 5 0

(1) Background Geochemical Charactenization Report, Rocky Flats Plantm&c 1992
Note No background data for radionuchides in the No 1 Sﬁ‘nds&oxggye avaxlablc
Background UTLs are calculated using data from &%@u@@wum

(2) Includes "total radioactive cesium"” (4 analyses) - >

&

DF = Detection frequency (no detects/n les) ",
NE = not evaluated Data insufficient’to ,calqulate 95% UTL, -
ND = not detected 4 f o

[ —
*  Comparison cannot be magé p P .
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TABLE A-3
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
DISSOLVED METALS IN GROUNDWATER, pg/L
USHU
— %
OU-2 Detected Bknd Background % of OU-2 data
Analyte Min Max DF % Max “ 95% UTL(1) >95% UTL (2)
Aluminum 20 367 74 8610 T 198 1
Antimony 8 88 17 60 \%/’ﬂ 5. ;K“% 6
Arsenic 1 8 11 10 8 '\\\«ﬁ 0
Banum 23 675 100, 200 176 37
Beryllum ' 1 3 4 s 4 0
Cadmium 1 98 11 9 ™, 5 1
Cestum 30 120 20 - 1000 747 0
Chromuum 3 23 24 N 2\ 13 8
Cobalt 3 13 6 38, N, 37 0
Copper 1 19 725 25 N%w 20 0
Lead 1 10 m;w% 5 1
Lithium 2 127 .19 %0 113 1
Manganese 1 3940 3 180 27 46
Mercury 021 032 3 5 12 064 0
Molybdenum 2 8] 45, > 100 64 1
Nickel 2"/ 12do w31 7 40 30 6
Selenium 68~ 173 5 5
Silver ~ 2 12 10 1
Strontium 40 30‘:(4\ 99 1710 1041 6
Thallum Mﬁ«;\a\% 6 328 9 0
Tin 2 8 7 10 8830 76 2
Vanadium 3 12 69 50 36 0
Zinc S 1 . 759 67 129 40 4

"~
A B

(1) Background Geochermyéal Charactenization Report, Rocky Flats Plant, EGEG 1992

(2) UTL companson i“sg‘”érfonned using the detection limut for results reported as non-detect
Therefore, the maximum detected value 1n OU-2 can be below the 95% UTL of background even
though the UTL companison shows that a certain percentage of OU-2 data exceeds the 95% UTL

of background

DF = Detection frequency

P s T S - o« . ST L
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TABLE A-4
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
DISSOLVED RADIONUCLIDES IN GROUNDWATER, pCv/L
UHSU
N
OU-2 Detected Bknd  Bknd95% % OU2 data
Analyte Min Max DF /' Max UTL (1) > 95% UTL
Amencium-241 0001 213 10/10 7 = _ NE *
;f( i ™ =
Cestum-137(2) 025 15 9294 /o~ “NE *
,
Plutonium-239/240 0 0003 081 1013 - .NE *
Radium-226 012 282 53154 043 086 93
Strontium-89/90 009 214 167198 - NE *
Tntium 096 1753 183/2)8*., 761 NE *
Uranium-233/234 018 42 62, miﬁ 199 5 1420 0
Uranium-235 003 15 W 48 93 0
Uranum-238 017 7573 227/5"2{{ 1356 116 0 0
A %%M * M
(1) Background Geochemical Characterization Wam, EG&G 1992
Note No background data for radnonuch&is in the No J"Sang;{one are available
Background UTLs are calculated using daﬁ%{go‘fmﬂ\gﬁlluwum and colluvium
(2) Includes "total radioactive cestum” (15 analysés) ;
ym\ ’ %
DF = Detection frequency (no.dete¢is/no samples) 3
NE = not evaluated Data wisufficient s calculate 95% UTL
*  Companson cannot be made /.
. el S r——
N@\/ o g /e“‘
\a} - z;‘\%
ﬂﬂwmm 2, N%% %K kY
& R, " :}
Y N fa
:\ AN
o . K\a . fs
N% ¢
’%r%\ f@
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TABLE A-5

ROCKY FLATS PLANT OU-2
95% UTL COMPARISON

METALS IN SUBSURFACE SOIL, mg/kg

Note An error has been noted 1n the background data that 1s likely to affect the results of the
background comparison The error is being corrected and new results will be provided n the revised
draft of thus document

Analyte Min Max  DF% WUTL() > 95%UTL (2)
Aluminum 119 70,600 100 40,800 1,292,079, 0
Antimony 4 24 4 41,900 2,141 7 0
Arsenic 0 37 94 42 12 13
Barum 10 1899 83 544 9,815 0
Beryllum 0 23 a7 1680 297 0
Cadmium 1 10 5. - % 178 0
Cesium 1 5 91 198,000 35,629 0
Chromim 2 127 98 i‘ztago”\} 2,213 0
Cobalt 1 78 USS—__ 9,900 1,782 0
Copper 3 132, Ta- %gjf@o 1,547 0
Lead 1 86 .99 30 25 2
Lithrum 1 25 o’ 5820 1,053 0
Manganese 4" __ 1610 100 233,000 41,850 0
Mercury 0 114 20, 064 035 13
Molybdenum Y 419 T 4,730 859 0
Nickel N },@f?éw T g 13,500 2,432 0
Selentum L) N é% 2 7 12 7 0
Silver PR NN N 13 1,980 358 0
Stontum” . T T4 %, 246 82 19,800 3,617 0
Thallium 0 1 12 5 3 0
T | . 2 56 2 19,800 3,588 0
Vanadiim ™ 4 61 97 20,000 3,602 0
Zinc W4 437 98 34,000 6,116 0

(1) Background Geochemical Charactenization Report, Rocky Flats Plant, EG&G 1992
(2) UTL Companson 1s performed using the detection limit for results reported as non-detect

Therefore, the maximum detected value 1n OU-2 can be below the 95% UTL of background even
though the UTL companson shows that a certain percentage of OU-2 data exceeds the 95% UTL

of background

DF = Detection frequency

(4034-263-77?)RTTA 5 XLSX7/19/93 11 56 AM)
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TABLE A-6
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
RADIONUCLIDES IN SUBSURFACE SOIL, pCvg

OU-2 Detected Bknd  Bknd 95% % of OU-2data
Analyte Mm Max DF % Max YTL (1) >95% UTL
Amernicium-241 0 25 83 - .. NE *
Cesum-134 ND - - x . NE
Cesum-137 0 24 66 s/ 02 50
Plutonium-239 0 10 100 . NE™.,_ .
Plutonum-239/240 0 68 85 » - NE- .
Radium-226 0 19 90 13 13 41
Radium-228 0 26 4004 22 20 9
Strontium-89/90 0002 08 y, éJO j{% 12 19 0
Strontium-90 001 09 &~ 98 /7 /. NE 2)
Trtium (pCv/L) 10 1500 1. . 5, %440 4021 10
Uramum-233/234 004 192 100 . 89 26 2
Uranium-235 0 TS 88 03 06 17
Uranum-235/236 002 021 e 100 - NE 3)
Uranum-238 009 113 - - 106~ 32 151 41
(1) Background Geochemical Chatg,gggzatlon Réiagrt, Rocky Flats Plant, EG&G, 1992
(2) None of the Stronttum-90 da@ p&m?@xoeeds thé.95% UTL concentration for Strontium-89/90
(3) None of the Uranium-235/236¢ data ‘ponts exceeds ?@@5% UTL concentration for Uranium-235
? WM\,
DF = Detection frequencf “ e
ND = not detected o« NS
NE = not evaluated Data ui?hﬂlsneﬁﬁt& calculate 95% UTL
* Compansor}gfcamcrb&qué\%% T
s N " N '
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TABLE A-7
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
METALS IN SURFACE SOIL, mg/kg
PRELIMINARY (See Note)
- -
OU-2 Detected Bknd Bkad 95% % of OU-2 data
Analyte Min Max DF Max UTE (1) >95% UTL(2)
Aluminum 8170 16200 9/9 21800 27348 0
Antimony ND 0/9 11 1895 N i
Arsenic 32 61 9/9 87 ./ 1097 S
Barum 88 3 167 9/9 328 406 13 ‘ 0
Beryllium ND 0/9 11 132 -
Cadmum ND 09 1 108 -
Cestum ND o9 , 3 ™ 326 .
Chromium 92 155 % - w 264 0
Cobalt 46 81 9/9 xmg ., 7 0
Copper 99 138 9/9 22 . N 2437 0
Lead 2 8 7 o aa ™ 4939 0
Lithurm 53 151 . 7”&?:“% f;gwmy» 19 58 0
Manganese 192 354 Y9 T34 769 23 0
Mercury ND 0/d 008 0085 .
Molybdenum ND TN o -~ 28 332 ;
Nickel 97 fi?"\ﬁg B B U 2225 0
Selenium <l f 0 4} e 067 09 0
Silver KD “~_ & O 14 14 -
Strontum 2. e6d 9/9 109 103 7 0
\ %6
Thallum 05 Q5. 29 041 044 0
Tin I T 34\3%\*:} 3/9 58 66 92 0
Vanadium” 237 335 9/9 46 5319 0
Zinc ) 387 758 9/9 90 109 49 0

B

Y ““\@
Note Approww
memorandum was prepated. These results are therefore preliminary  Surface soil data will

“ f
rcefit of surface soil results for metals were available at the time this technical

E

be re-evaluated when Mta become available

(1) Background Geochemical Characterization Report, Rocky Flats Plant EG&G, 1992

(2) UTL companson 1s performed using the detection limit for results reported as
non-detect Therefore, the maximum detected value 1n QU-2 can be below the 95% UTL of background
even though the UTL comparison shows that a certain percentage of OU-2 data exceeds the 95% UTL

of background

DF = Detection frequency (no detects/no samples)

ND = not detected

(4034-263-77? ) (RTTA 7 XLS) (7/18/93 1)
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TABLE A-8
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
RADIONUCLIDES IN SURFACE SOIL, pCvg
PRELIMINARY (See Note)

OU-2 Detected Bknd 95% % of OU-2 data
Analyte Min Max DF + Max > UTL (1) >95% UTL
Amencium-241 001 110 42042/ 004~ . 0052 93
Cesium-134 ND 021 v " “NE .
Cesum-137 016 16 2425”7 16 207 0
Plutonium-239/240 004 11000 Ss1, 008 009 95
Radium-226 071 118 505 11 154 5
Radium-228 11 29 25025 T 29 453 0
Strontium-89/90 002 35 “2@/25» /08 199 5

(1) Background Geochemical Characterization Report, Rocky Flats

f“%

DF = Detection frequency (no detects/no samples) ..

NE = Not evaluated Data insufficient to calculatk9 »A;

ND = Not detected

* Comparison cannot be made

Note Not all surface soil data for radi

o

Q,ﬁ “@

£

des were av:

R
M
M““M:;

M}

¥

kY

ble at the time this technical memorandum

was prepared These results are ﬂ)é}e re pl;?hmwm soil data will be re-evaluated when all data

become available
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APPENDIX B
RISK-BASED EVALUATION OF LOW FREQUENCY CHEMICALS

B.1  PURPOSE AND APPROACH

The chemicals of concern evaluated in a quantitative huﬁlan health risk assessment are the
subset of all chemicals found on-site that are thought ‘to “gose%;he greatest potential risk to

human health The determination that these chemu may pose t eatest potential risk 1s
&

generally based on an evaluation of the following thrée criteria }NM% N

N

N -~

H
. The 1nherent toxicity of the chemical,
A .
. The concentrations of thewc&efhlgael fodnd on-site, and
. ‘«\

. The potential for human exposure%tg:hg chemical (e g, whether or not the

chemcal 1s widely: Woss thesite)

. T
In general, compounds found at lyé\g{\ fgegueW% of all samples) are not included as
chemicals of concern because the potential for human exposure 1s imited However, all low-
frequency compounds were evityated acé&;cfmg to the procedures shown 1n Figure 2-1 so as not
to neglect mfrequengy dg{g;ed c})emncals that‘ could contribute significantly to risk if they were

co-located with othér Qotentﬁﬂy%?dm; compounds at source areas or at locations where
routine exposure wuw& ;
. <
k1

M

This evaluatieni €xarnimes \ﬁmg otganic chemicals that were mitially excluded from the chemicals
of concern bdsmw%ﬁequ\hty of detection, using a health-based screening approach A
screenang ‘evaluation was performed for all low-frequency chemicals for which toxicity values
were available As a benchmark, 1t was assumed that any low-frequency chemical whose
maxunu;i‘egt;é tratioh was greater than 1000 times a risk-based concentration (RBC) based
on a target h%dﬁ (HI) of 10 or target cancer risk of 10% (1,000,000) warrants further
evaluation The phrf)ose 1s to identify those low-frequency chemicals that may pose an
unacceptable health risk (cancer or non-cancer) if chronic exposure were to occur These
chemicals are retained for separate evaluation in the risk assessment as "special case” chemicals
of concern Since they are not characteristic of contamination in OU-2, risk will be assessed
separately at the locations where the special case low frequency chemicals are found

(4034-263-0049-540) (Apx.B) (07/19/93 10:55am) B-1
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RBCs were calculated assuming a residential exposure scenario, using site-specific exposure
assumptions, and using standard toxicity values (RfDs and SFs) supplied by EPA For surface
sous and subsurface soils, multiple pathway exposure was assumed (1ngestion, dermal contact,
and nhalation of particulates) in calculating RBCs Exposure was evaluated for ingestion only
for groundwater, since this was assumed to be the only major graundwater exposure route The
parameters used to evaluate potential exposure (and to calcﬂiataé intake factors) are presented
in Tables B-1 through B-4 These parameters were prese ed in the Exposure Assessment
Technical Memorandum No 5 (DOE 1993) Toxicity va,l‘ueweré«denved from IRIS (1993) and
HEAST (1991 and 1992), and are summarized m«’T les 2&”3\33 -4 RBCs were then
multiplied by 1000 to generate the screening concentrations for use%tl;é} evaluation

Note on dermal absorption of organics from. Soil:
# *‘““‘*\
The absorbed fraction (AB in Table B—‘B) 15 "theé emmated fraction of organic compounds
adhered to soil particles that partitions to a\d\;s 3‘bsorbed through skin Percent absorbed
depends upon sou loading, organic ca carbon content Mfmntammam concentration, duration
of exposure, animal species used in't the ent, and'Whether the experiment 1s conducted
n vitro or in vivo For purposes of Jh&m an upperbound estimate of absorption
rate for organic compounds adhered'to §‘qﬂﬂ pgftxcles 1s assumed to be 10 percent These rates
are based on experimental results usmg B(@)P m acetone or 1 crude oul, and adjusting the
absorption rates for shef{ M@osnre duratien and the observed retarding effect of the soil
medium' The expenin?mal resuw sumnarized n Table B-5, Percent Dermal Absorption
of Neat Benzo(a)pyreﬁe at 29 hours mb“”“drptlon rates range from 3 to 51 percent at 24 hours
The arithmetic mean aBso;p tien rate 1s 17 percent, and the 95 percent UCL on the mean rate
1s 26 percent To adjust thg,se experimental rates to account for site-specific exposure
condltlons,g«t is assum%d tha“w;he““égp sed individual showers within 12 hours of exposure, and
that abs;grpﬁon from sml\is one-Hfth that of the pure compound (Yang et al 1989, Wester et
al 1990) ‘Therefore, the 24-hour absorption rates of heat B(a)P are adjusted by a factor of 0 5
for a “12;{13“& exposure and 0 2 for the soil matrix effect Resulting absorption rates are
e ;

e

17x0 E%Q%Z = "1 7 percent
o

In recent guidance on dermal exposure assessments (EPA 1992b), EPA has dechined to recommend an absorption rate for B(a)P
15 so1l because of the vanability in experimental conditions and results and the difficulty in extrapolating from high soil loadings
(e g, tens of mg/cm?) under experimental conditions to lower loading (¢ g , 1 mg/cm?) typical of human exposures (EPA 1992b)
(B(a)P at concentrations of 1 and 10 mg/kg and soil loadings of 40 to 56 mg/cm,, experimental results for percent absorbed at
24 hours ranges from 1 percent [Yang et al 1989] to 13 percent [Wester et al 1990))

N

. (4034 263.-0049-540) (Apx.B) (07/19/93 10.55am) B-2
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It should be noted that B(a)P 1is one of the more Lipophiic of the polycyclic aromatic
hydrocarbons, and therefore it may be absorbed at a higher rate than a number of other organic
chemicals of concern Also, the use of dermal absorption values obtained in experimental
animal studies will almost always result in a conservative (1e, higher) estimate of dermal
absorbed dose in humans (EPA 1992b) Therefore, the dermal absorption rate used in this
analyses (10 percent) 1s concluded to be a reasonable conservative estimate of a reasonable
maximum rate of dermal absorption of organic compounds f§§m soil

B2 GROUNDWATER - . "

Twenty-six VOCs and SVOCs were reported at low:?requency (<5% de?éctlon) in groundwater
samples Table B-6 presents a comparison of the maximum detected concentrations to the
health-based screening criteria (both cancer and nom-cancer) and presents the equations used
to develop the screening concentrations “Qh%%lsﬁrhose maximum detected concentration
was greater than 1000 times either the cancer-er ném cancer RBCs were retained for further
evaluation as potential chemicals of concern Ba d\\n .the comparison to screening-level
concentrations, two chemicals, 4,2-d7 hane aanmyl chloride, were 1dentified as
requiring further evaluation in the h@Mealthm assessment as potential chemicals of
concern (see Section 3 5) N it

Ban #
N
¢

B3  SOIL A L

, /Wx é S 7
Organic compounds détected"’ as, lem percent frequency 1n subsurface soil samples and
1n surface soils ar‘bgstéd%n{ 'Fables B-7 and B-8 Table B-6 (carcinogenic effects) presents a
comparison of the m uﬁwetected concentrations in subsurface and surface soils to the
health-based”ﬁ;;;nﬁ’fg\quem (caccmogens) and presents the equations used to develop the

screenmg‘concentran&ns él‘ableh? 7 presents a similar comparison for non-carcinogenic effects

As wntkgroundwater chemacals whose maximum detected concentration was greater than 1000
times elthem\he ezg{ncev* orfhon-cancer risk-based screening concentration were retained further
evaluation as po(entxal; chemicals of concern Based on this evaluation, no low frequency
chemicals found in surface or subsurface soils failed the screening evaluation (e g, no low
frequency chemicals 1n soils were 1dentified as potential chemicals of concern)

(4034-263-0049-540) (Apx B) (07/19/93 10:55am) B-3
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TABLE B-1
ROCKY FLATS PLANT OU-2
UHSU GROUNDWATER INGESTION
HYPOTHETICAL FUTURE ON-SITE RESIDENT

Intake Factor = IR x EF x ED X'FI

BWx AT /
Parameter . , RME
IR Intake rate (1/day)® ‘{f SN :‘S\»N 20
RN
EF Exposure frequency (days/year)® . o S 350
ED Exposure duration (years)® Eas T30
FI1 Fraction ingested from contamimnated source 10
- &
BW . Body weight (kg) j; . o 70
AT Averaging time (days) \ ‘i\
Noncarcinogenic . " . 10,950
Carcinogenic XMWM %%w;‘ 25,550
IF Intake Factor (L/kgfiay 5 e
Noncaremnogenic %, °, 7~ ~ 0027
Carcinogenic WS 00117
@ Source EPA 19916 - Al
) ffmw& s«
& ) 5 %
) é; /5? Wmmw%
) &%‘& &
~No L
p— NN
‘ WWM\ o MMK% ‘
& K;/ ™
.
RN
‘m\«” ) A >
‘K\‘ £
(4034-263-0049-540)(R7T-B-1)(07 1893(S 04pm) Sheet 1 of 1
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TABLE B-2
ROCKY FLATS PLANT OU-2
SOIL INGESTION
CURRENT OFF-SITE RESIDENT (ADULT AND CHILD)?®

denogenic[ Aay -
Fact (200 mg/day x 350 day/yr x 6 yr) , (100 mg/day x 350 day/yt x 24 yr)| x 05 x 10 kg/mg/30 yr
Intako { 15 kg x 365 dayjyr 1oux;65«y/y:
. f%%%
Carcinogenic s m&‘
Intake Pactot = (200 mg/day x 350 dayfyr x 6 yr) , (100 mgJ 350 dayfyr x*34 yN[x.05 x 107 kg/mg/70 yr
15 kg x 365 daylyr .10 kg x 365 daylyr b
;i -
Parameter© S RME
t B “ ’ Adult Child
o
IR Ingestion rate (mg/day)® . “"‘w% 100 200
FI Fraction mngested ng Nt ated soufé&‘,z? 05 05
ME Matrix effect® G e 10
EF Exposure frequency (days/year}*”, T 350 350
ED Exposure durat Mﬁ(years)"%’* j 24 6
CF Conversnou’faptom(k\g/mg) \%*% 10°¢ 10
BW  Body w;fgm (ke), M 70 15
AT Avera*glggﬁxm (days)
Non&régienlc 10,950
M,w.a,Czu:cmo nic* -, «% 25,550
IF IMO& (kg/kg-day)
Noncarcinogenic 18x10°
Vo Carcinogenic 78x107
P, §
o 'Ihemlculéupn of a 30iyear residential exposure to soil 1s dmded nto two parts  First, a six-year exposure duration s
cvaluat‘e‘d{ qlﬁldm‘in and this accounts for the period of highest soil ingestion (200 mg/day) and lowest body weight
(15 kg) Se );g”ar exposure duration 1s assessed for older children and adults by using a lower soil ingestion rate

&)}
3

(100 mg/day) amn  adult body weight (70 kg) (EPA 1991b)

The FI assumes that’50 percent of the soil ingested daily i from the contaminated source

The matnix effect describes the reduced availability due to adsorption of chemicals to soil or food compared to the same dose
administered orally in solution Therefore, the soil matnx has the effect of reducing the intake of the compound A matrix
effect of 10 (100 percent absorption) 1s used unless as a conservative value for screening purposes

(4034-263-0049.540)(R7T B-2)(07 18-93(4.55pm) Sheet 1 of 1
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TABLE B-3
ROCKY FLATS PLANT OU-2
DERMAL CONTACT WITH SURFACE SOIL
CURRENT OFF-SITE RESIDENT

—
—

Intake Factor = SA x AB x AF x FC x EFx ED x CF

BWx AT / -
Parameter N RME
SA Surface area (cm?)® Xl; NN 2,910
F o
AB Absorption factor® v ™~ 5 01
AF Adherence factor (mg/cm?)® K 05
Ed
FC Fraction contacted from contaminated source® 05
AN
EF Exposure frequency (days/year)® 350
S
ED Exposure duration (years)® “ 30
\\v

CF Conversion factor (kg/mg) K“%“ e 10°¢
BW Body weight (kg) %::MMM ~ 70
AT Averaging time (days)‘%«% S P MM

Noncarcinogenic  *© . ¢ 10,950

Carcinogenic 25,550

y“m ¢

IF Intake Fagtor (kg/kg-day)

Noncartinogenic W 10x 10

Carcihogenge =, 43x107

N 7 M\N N
@ The surfa”eq%g:eékis equivalent to face, forearms, and hands, or 15 percent of total body surface (EPA
1989b) %
@ D ;\é"iw)f Jﬁ\esgls from a so1l matrix 1s neghgible (EPA 1991a) For screeming purposes, the

ﬁbs;gcpm{ectbg for%wo?ﬂtﬂes, volatiles, and other orgamcs 1s assumed to be 10 percent (see Table B-

8y’

@  »  Source Sedman 1989
@ The FC assumes: that residents are at home for 16 hours per day and are at work, school, or other locations

b for 8 hours per fday
©) Assumes that residents take 15 days per year vacation (EPA 1991b)
© Source® [EPA 1991b
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TABLE B-4
ROCKY FLATS PLANT OU-2
INHALATION OF PARTICULATES
CURRENT OFF-SITE RESIDENT
———_ ___— ____——_____ — — ]
Intake Factor = IR x ET x EF x ED'x DF
BW x AT/
Parameter .. RME
IR =  Inhalation rate (m*/hr)® R e w\:& . 083
< A
ET =  Exposure time (hours/day) o N 24
EF =  Exposure frequency (days/year)® * ,~ 350
ED =  Exposure duration (years)® 30
DF =  Deposition factor® 5 % . 075
BW =  Body weight (kg) " A 70
RN
AT = Averaging time (days) N
Noncarcinogenie ™. T 10,950
Carcinogenic e R 25,550
IF Intake Factor (m®/kg-day) , ~ ™
Noncarcinogenic ~ * . 20x 10
Carcinogenic 1 88x 102
& kN
( Equivalent Zm (%PA 1991b) ~ °
( Source EPA £991b S
) Seventy-five percent of ed particles are deposited and remain in the lung, 1t 1s assumed that all

chemicals in t fy&ngh are absorbéd (Cowherd 1985)
g, iy
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TABLE B-§
ROCKY FLATS PLANT OU-2
PERCENT DERMAL ABSORPTION OF BENZO(A)PYRENE AT 24 HOURS
% BaP Absorbed
Source! at 24 hr Preparation ~ Vehicle Dose

Yang et al 1986 6 Rat mn vivo 7 Acetone 9.10 ug/cm?®

17 Rat 1 vitro P o \MAcctone 9-10 ug/cm?*
Yang et al 1989 6 Rat vxvg“ rs ; aP n 90 ug/cm?

e e od
12 Rat m};gﬁto 1 ppm BaPFin 90 ug/cm?®
crude ol
Kao et al 1984 24 Mobusé 1n vitro Acetone 1 ug/cm?
¢ g A,
ES Pl 2

Kao et al 1985 3 Ququ%m \}tro Acetone 2 ug/cm
Kao et al 1988 10 M:EN vitro Acetone 25 ug/cm?
Wester 1990 24 Human m\:}‘t&g‘z\» Acetone 10 ppm

51 Rix Acetone 10 ppm
Average % 17
Absorbed B
95% UCL 2568 %
% Absorbed - ~ "

Kao et al 1984 Tox;@olagy an fi\péhod&h@aﬁology 75 289-298
Kao et al 1985 Tgkacglogy apd Applied Phartacology 81 502-516
Kao et al 1986 cO ngpphed Pharmacology 94 93-103
Yang et al 1986 Toxicalogy ﬁ;g Industrial Health 2 409-416

Yang et al 1989, Bull tms\o(ﬁEnMnmental Contaminants and Toxicology 43 207-214
Wester et al” dam chphcd Toxicology 15 510-516
~ %

® “The ated studies :kc from the references cited n EPA 1992 Dermal Exposure Assessment
Principles and Applications (EPA/800/8-91/011B)  Studies not cited 1n this table include those
conducted 1n preyiously frozen tissue and Sanders et al 1984 (1n vivo percutaneous absorption of
BaP in"mouse) /The latter was excluded because mouse skin has been shown to be 2 5 to 5 times
more*p%rni”bablu;fﬁan skin of other species, including humans (Kao et al 1985, as cited 1n EPA 1992
Dermal Exposuré Assessment Principles and Applications)

(4034-263-0049-540(R7T B-5)(07 18-93(5 14pm) Sheet 1 of 1
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APPENDIX C
OU 2 DOMESTIC WATER SUPPLY SIMULATIONS
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The results of computer si?’"ﬁmgi%qs of domestic
water production capabilities from subsurface units beneath
OU-2 at the ROQM@& Golden, Colorado
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OU-2 Domestic Water Supply Simulations

INTRODUCTION

To investigate the water production capabilities of the near surface
hydrostratigraphic units beneath Operable-umit 2 at the Rocky Flats Plant several
transient pumping computer simulations were performgef. ‘These simulations were
designed to determine whether these units could produce sufficient water to supply
a hypothetical four-member household. A daily pumpi"n requirement of 240 gallons
per day (gpd) was assumed based on a daily watgr p&m(emqgt of 60 gallons per
person {7 N

%\

Independent simulations were performed tér three different ﬁ“ydrostratugraph:c
units  Models were constructed for the Rogky Flats Alluvium, hillslope colluvial
materials, and an unconfined Arapahoe sandstone unit representing the #1 sandstone
beneath OU-2. The Rocky Flats Alluviun and hillsiope colluvial materials were not
considered reliable water sources but were f?i‘cluﬂed in the simulations since they
comprise the upper-most hydrostratigraphic lrnlg;%q_d have been impacted by plant
activities The Arapahoe sandstone unit was mcMeE‘*pecause it was considered to
be the best prospect for produélg water_from the Arapahoe Formation. The
t considered good prospects for water

Y
Foay

and as such were not modeled. P
%
)M‘) %
ﬁimk\ Qi %, ;t
’ Jfé/ F M7
METHOD R,
by

S:mulatlowe pecformed using the USGS MODFLOW groundwater flow
simulation paaka‘g&-GM;Doné\MQ\ﬂ Harbaugh, 1988). Input parameters common to
all simulations are Ilsted»gngtable Separate simulations were done for the Rocky
Flats Alluvium, hilislope colluvium and the Arapahoe sand unit. A listing of the input
parameters for.these simulations are given in tables 2, 3, and 4. Simulations were run
using a dall“%tkmeutramefuqnl the pumping-well grid cell went dry or the end of the

simulation (365 uaymas reached.
m

Each day of the transient simulation was divided into two perods and each
period was divided into two timesteps. The first 2.7 hours of each day was used as
a pumping period. It was assumed that the household maintained water storage
capabilities and that this pumping period was used to replenush the water storage




y
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OU-2 Domestic Water Supply Simulations

system. A pumping rate of 1.5 gpm was used. This rate i1s below the 3-5 gpm rate
commonly used for domestic wells and as such i1s conservative. The pumping period
was based on the total daily water requirement (240 gal.) and the pumping rate (1.5

gpm)
240 gal/(1.5 gal/min * 60 min/hr}) = 2.7 hrs_

The remaining 21.3 hours of each day allowed water Ieve} recovery to take place.

The pumping well was located at the center 9*1‘ mayﬁu cell array. A varniable
gnd spacing ranging from 5 feet at the well to 50 tget at thé&om\q%;es was used to
provide realistic drawdown conditions near the well. The grid sSpacing for each
scenario are given in tables 2, 3, and 4. K ™

Boundary conditions were either congfant head (equal to the imitial head) or no-
flow depending on the scenario. For the Roaﬁy F;atg Alluvium and hillslope colluvium
scenarios constant head boundaries wer“éwseﬂfatﬁll boundaries. For the Arapahoe
sandstone simulation the modeling gnd was™ tenQed to represent a discontinuous
channel sand deposit. To implement this c;Q\hg\ur%ﬂon no-flow boundaries were
placed along two parallel sides of the-grid with constant head boundaries along the

other two sides > T .
%, \?’ z"f KM»
NNV
}“W& A\\ 7\%2
/’fff }f ) %%M - )
P -1 -0 |
Mbde% peﬁameters common to all scenarios
S e
k3 \%\%
P \
PARAMETER... VALUE SOURCE
Water Requireraent ’ 240 gpd Based on 60 gal/person/day
Pumping Rate 15 gpm Assumed
Pumping Time per Day 2.7 hrs Based on pumping rate
X to Y Anisotropy 1 (isotropic) Assg_r_ned
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OU-2 Domestic Water Supply Simulations

R Y FLA Vi

Scenario specific parameters for the Rocky Flats Alluvium simulation are given

in table 2. The modeling gnd for this scenario consisted of a 19 by 19 gnd cell array
with the pumping well at the center of the grid and constant head boundaries (equal
to the initial head) along each edge of the gnd. The grid.spacing in feet for the x and
y directions increased from the well as follows 5.,,,-7-10-15-25-35-50-50-50-50,
(see figure 1) The hydraulic conductivity value comes from the recent OU-2 aquifer
pump testing program. The value used represents the geometric mean of the results
from two test locations. The specific yield came frpm%!a‘b\analyses of core samples
and example values from the literature for fmg{érﬁined ﬁ’oa&eha!s (Fetter, 1980, pg.
68). The initial saturated thickness represents the historicalavérage for well 1787
which 1s within OU-2. During imitial pump test planning this well was observed to
have the greatest alluvial saturated thickness-and therefore should represent the most
reliable OU-2 alluvial water source

< Fa

f

P, \%& ’
Table 2 -
Modeling Parameters for Rocky £lats Alluvium
/"“MM N»’
MMMNTWW
PARAMETER SOURCE
P
Hydraulic Conductivity.... ™ 1.6 ft/day OU-2 pumping test
Specific Yield ' R 6.10 Lab analyses/literature
Gnd Spacing (vgqgé‘“b@/ T Tom51050 ft | Assumed
e,
Hydrogeologic Unit Gondition Unconfined On-site observation
~ =
initial Satﬁmté‘ﬁ‘%n&n:%wf 7.2 ft Observation wells
Bound‘ar«ij Conditions * Constat head N ]
— g
N .,
Results T 7

For the Rd%yffélats Alluvium scenano the pumping-well gnd cell went dry
within one to two hours after pumping started on the first day of the simulation.
These results are consistent with the low pumping rates (0.3 - 0 056 gpm) required
during field pump testing to avoid excessive drawdown.

- [ - SR Spdeis > sk s -y




OU-2 Domestic Water Supply Simulations i

o

S0

35

25

13 .

10

7
apncvgr Y5710 15 25 35 50 50 |

Figure 1. Figure shows 1/4 (upper right-hand quadrant) of an example model grid.
In model well Is at center of grid. Grid spacings in feet The number of grid nodes
for each model may differ, but grid spacings are similar Not to scale.
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Scenario specific parameters for the hillslope colluvium simulation are given in
table 3. The modeling gnd for this scenario consisted of a 19 by 19 gnd cell array
with the pumping well at the center of the grid and constant head boundares (equal
to the iniial head) along each edge of the grid. The grid spacing in feet in the x and
y directions increased from the well as follows 5,,4-7-10-15-25-35-50-50-50-50,,4ary
(see figure 1). Because there were no hydraulic conductivity values for OU-2
colluvium, data from slug-tests in colluvial material from-OU-1 were used. These
values should be representative of conditions in @U-2-since OU-1 and OU-2 are
physically adjacent to each other. The specific ylédéame miab analyses of core
samples and example values from the Iateratu;e for fme-gral terials (Fetter,
1980, pg 68). The initial saturated thnckness’r resents the average for well 0687
which 1s within OU-2. Comparisons of Waper level data indicate this well has
histornically had relatively large saturated ;rilcknesses and would therefore represent
conditions most promising for OU-2 collﬂvnél watm i"»productlon

.
\ o,
Table 3 \x N
Modeling Pacé“”ﬁ‘iete:s,jor Hillslope Colluvium

PARAMETER | VALUES, SOURCE

Hydraulic Conductivity. o 017 fiday OU-1 field testing

Specific Yield . -/ ;4 010 Lab analyses/literature

Gnid Spacing (vana\xﬁlﬂh {i from5to 50 ft | Assumed l

Hydrogeolgg‘l’qf,ffnl?\ Cha?%ét;’“ > Unconfined On-site observation

Initial Saturated Thickhess 36 ft Observation wells 1'

Boundary Canditions Constant head 7 Assumed - J
S

Y

" &%\ w
Results

For the hullslope colluvium scenano the pumping-well gnd cell went dry within
one hour after pumping started on the first day of the simulation. This is consistent
with the low hydraulic conductivity and small saturated thickness observed for
colluvial matenals.

i Fe b RO T % S 4 . o e
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RAPA N

Scenario specific parameters for the Arapahoe Sandstone simulation are given
in table 4. The modeling gnd for this scenario consisted of a grid cell array of 23
rows by 31 columns with the pumping well at the center of the grid. The rectangular
shape of the modeling grid represents the elongate phyanﬁ shape of the sandstone
unit as reconstructed from borehole information. Constant head boundaries (equal to
the initial head) were used along the first and last columns of the grid with no-flow
boundaries set along the other two edges. The grid spacing in feet in the x and y
directions increased from the well as follows 5,4-7-10; Z&QB -50-50- ... -50,0undary
(see figure 1). The hydraulic conductivity valgé came rﬁ\QU-Z aquifer pump
testing. The specific yield 1s assumed equal to the effective’ porosity computed for
this sandstone from the OU-2 tracer test prqg m. The initial saturated thickness
represents the historic average for well 3687 ich was included in the OU-2 aquifer
test program for the #1 Arapahoe Sandsmng

7

e,

P
PARAMETER SOURCE
Hydraulic Conductivity”__ 1.1:ft/day OU-2 field testing
Specific Yield - e A 9&1’2’ OU-2 tracer testing ll
Gnid Spacing (va%;gb"te)\ /. [ trom5to 50 ft | Assumed
Hydrogeologic Unit ébn\@nﬁe{\ Unconfined On-site observation
Initial Satuéfmh:??mss%% 4 33.7 ft Observation wells
Bounda& Conditions %é . Constant head Assumed

Results

For the Arapahoe Sandstone scenario the pumping well was able to meet the
water requirement without dewatering the pumping-well grnd cell The maximum draw
down observed at the pumping well after 365 days was 3 2 feet indicating that the
aquifer was not highly stressed at this pumping rate. These results are consistent

6
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OU-2 Domestic Water Supply Simulations

with OU-2 aquifer testing that resulted in approximately seven feet of draw down
after five days of continuous pumping at 1.6 gpm.

ARY IN

Based on groundwater flow simulation results ne;ther the Rocky Flats Alluvium
nor the hilislope colluvium matenals within OU-2 are x:apagle of producing sufficient
water to support a four-member household consummg”mp gallons per day. Using a
2.7 hour daily pumping period and a rate of 1.5 gpm, both alluvium and the
colluvium wells would be pumped dry within one day (table 5).. In~contrast, a well
within the Arapahoe sandstone beneath OU-2 woild appear to provide a reliable water
resource at the required rates given above. The well grid-point in this simulation
expenenced only minimal drawdown after-one year of daily-pumping cycles.

N %\%
Table E:\% D
f’g’%ﬂw \" f
Summary %s:rﬁ“ﬁhﬂ%esults

PRODUCTION |

- PRV kY DAYS
Racky Flats’ AllGVIum— <1
H%loﬁ&%aﬂuwum <1

>365

e !

To |nvesti“ga§“thef‘water resource potential for the OU-2 Arapahoe sandstone
unit the total water availlable from this unit was computed (table 6). The average
spatial dimensions of the sandstone unit were taken from i1sopach maps constructed
from well and borehole information. The average saturated thickness is an assumed
value derived from observational water level data and sandstone thickness
information. The specific yield 1s assumed equal to the effective porosity as used

7
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OU-2 Domestic Water Supply Simulations

above

Assuming an annual water requirement of 2,920 cubic feet (equivalent to 60
gal/day ® 365 days) there appears to be sufficient water volume In the sand to
support ten four-person families for approximately 54 years (6,300,000 cu ft / (2,920
cu ft/person/year ® 40 persons) = 53 9 years). This assumes complete desaturation
of the aquifer (which s virtually impossible} and does not.account for any external
recharge to the aquifer.

& ”

BN
Table 6 N

P
\’@ X)’%)‘{

Arapahoe Sandstone Water Rggource Evalua?‘l&n D

&

DESCRIPTION VALUE™, UNITS
;’ 3
Length of sand ’”’x:W,ZzOO ft
Width of sand "500 | ft |

«.@c;f %

,
3 t:cwft:w

%&fﬁgv&i %}?ﬂ%m e
RSt 2

o

> |

I Datly, watér need 60 | galiperson/day |

|| |~ Daity water need 8 | cu ft/person/day
. " Annual water need 2,920 | cu ft/person/year
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OU-2 Domestic Water Supply Simulations
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DISSOLVED METALS AND RADIONUCLIDES
IN THE NO 1 SANDSTONE
BACKGROUND COMPARISON

(034 26, 0049 540) (Ap D) (07'19 9 302pm)
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TABLE D-1
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON
DISSOLVED METALS IN GROUNDWATER, pg/L
NO. 1 SANDSTONE

~

" % of OU-2 data

OU-2 Detected Bknd Bad(ground
Analyte Min Max DF % Max 95%;{11(1) > 95% UTL(2)
Aluminum 20 367 85 256 7 NS 2
Antimony 9 56 15 60 . 52" \% “ 5
Arsenic 1 1 6 “"’Ig 8 o, 0
Barum 82 352 100 ~ 200 174 82
Beryllium 1 3 5 7 5 4 0
Vs N
Cadmium 1 98 13 5 5 2
At
Cestum 30 100 19 000’ 759 0
A
Chromium 3 23 19 16 \ 13 8
Cobalt 3 3 1 50", 36 0
"
C o,
opper 2 9 MW %ngim? 20 0
Lead 1 2y 5T 10 5 0
S , M
Lithium 2 38 LT 4 100 112 0
Manganese 1 1240 8 30 27 28
Mercury ozlfw“"s\ 2. o 12 064 0
Molybdenum 5 / 6 36 N 100 63 0
Nickel 2 ;”3 T 40 30 0
Selenium { %1%‘\ Ty 6 5 2
Silver 2™ 7 10 10 0
Strontium M% \75% 98 1050 1026 0
R “‘x&
Thalblum =~~~ ™ O 2 6 10 9 ]
Tm ° / 14 % 34 7 100 75 1
anadxum 3 . 10 76 50 36 2
Zinc - ‘*\.% 2, 56 69 81 40 5
S \\W\\ T

\ -
(1) Background Geochemical Charactenization Report, Rocky Flats Plant EG&G 1992

(2) UTL companson 1s performed using the detection limt for results reported as non-detect
Therefore, the maximum detected value 1n OU-2 can be below the 95% UTL of background even through
the UTL companson shows that a certain percentage of OU-2 data exceeds the 95% UTL

of background

DF = Detection frequency

(4034-263-777) (RTTA-4 XLS) (7/19/93 12 42 PM)
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TABLE D-2
ROCKY FLATS PLANT OU-2
95% UTL COMPARISON

NO 1 SANDSTONE

DISSOLVED RADIONUCLIDES IN GROUNDWATER, pCvL

Bknd 95%

% 0U-2 data

%

f
z
%

e K & PR SR S

OU-2 Detected Bknd

. Analyte Mm Max DF Max . UTL1) > 95% UTL

Amenicrum-241 0005 0 04 4/4 ~ N M. NE *

Cestum-137(2) 02 15 sz~ - T NE_ .
l Plutonium-239/240 0 0006 001 46" . “NE .

Radium-226 03 10 19719 043 0 86 53

Strontium-89/90 002 16 £7/101 - NE .
' Tntum 67 0 T 7 - NE .

Uranium-233/234 067 12 ““LQl/fG’l 199 5 142 00 0
l Uranium-235 002 043 75101 "~ 48 93 0

N

Uranium-238 05 94 97/97 T§§,~6 116 0 0

l (1) Background Geochemical Charactenzation Ré%ort,'i(belq.ﬁlats P G&G 1992
Note No background data for radionuchdes 1n thc N@ 1 S’ands"fémw
are available Background UTLs are calculated usm§ data fmm the

. alluvium and colluvium v

(2) Includes "total radioacive oesnum" (WW Z’és) .
. DF = Detection frequency (no detects/‘no samplesy—..._

NE = not evaluated Data msufficient to calculate.95% UTL

* Companson cannot be matle, k‘m st
' —O3

nr R P . . %\% - %,
l }/ o %» «
N § . k\\
' Sy N“% .«5// f'
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